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L GARIT H Ms are a ſet of artificial W which have been calculated, and put in tables, to 

facilitate arithmetical calculations. They were invented by the learned and never- enough renowned 
John Napier, Baron of Merchiſton, in Scotland, and publiſhed by him in 1614. By their means the tedious 
operations of multiplication and diviſion of numbers, raiſing powers, and extracting roots, have been 


reduced to the addition and ſubtraction of their correſpondent logarithms, multiplying them by the index 
of the power, or dividing by the index of the root. 


The improvements made by Tycho Brabe, the noble Dane, both in the theory and practice of aſtronomy, 
together with the determination of the true motions of the planets from his obſervations by his illuſtrious 
pupil Kepler, had greatly enlarged the bounds of this ſcience, and ſeemed to demand a more eaſy and 
expeditious method of calculating obſervations rendered capable of ſo much exactneſs, and leading to 
ſuch important diſcoveries. Baron Napier was probably acquainted with theſe improvements in ſcience 
before his invention of logarithms, and ſtimulated thereby in the purſuit of ſo uſeful a compendium of 


- aſtronomical calculation. However that may be, he applied himſelf to the ſearch of this defideratum, 


which he happily diſcovered, without any hint or communication from any one elſe, no leſs to his own 
hongury | than the benefit of aſtronomy, and every branch of mathematics. 


The table publiſhed by Baron Napier, conſiſted of natural and logarithmic FROM coo. oo 
tangents, and was principally deſigned for the ſolution of ſpheric triangles, (in the doctrine of which, as 
well as of plane trigonometry, he was a conſummate. maſter) but which he ſhewed might be occaſionally 
uſed to find the logarithms of numbers, though not with equal facility as the ſines and tangents. The 
logarithms, which he introduced, have been ſometimes called Naperian, from their author, but more 
generally hyperbolic, - becauſe they were afterwards ſhewn to be meaſured by the areas of the hyper- 
bola contained between the curve aſymtote and its ordinates; though ſince it has been ſhewn that 
every ſpecies of logarithms may be expreſſed by hyperbolic ſpaces. They have alſo ſometimes been called 
natural logarithms, becauſe they are what naturally ariſe in the ſolution, of mathematical queſtions. 
Their ſcale is determined from hence, that the logarithm of a number which exceeds unity by an inde- 
finitely ſmall quantity is equa: to that quantity] Ne the logarithm of 10 comes out 2. 392585, &c. 
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This intereſting diſcovery was immediately taken up by the illuſtrĩious Henry Briggs, the firſt Profeſ- 
ſor of Geometry at Greſham College, and afterwards Savilian Profeſſor of Aſtronomy at Oxford, who. 
recommended the preſent ſcale of logarithms, as better adapted to the decimal ſcale of arithmetic; in 
which the logarithm of 1 being o, as it ſhould be in every ſcale of logarithms, the log. of the ratio of 10 
to 1 is 1, that of 100 to 1 is 2, that of 1000 to 1 is 3, and ſo on. This alteration was explained by 
Mr. Briggs in his public le&ures at Oxford, and alſo communicated by him to Baron Napier, who entirely 
approved of it, ſaying at the ſame time, that he alſo had thought of it. Mr. Briggs, indeed, in imitation 
of Baron Napier“ trigonometrical table, in which the logarithm of the ſine increaſes affirmatively as the 
ſine itſelf decreaſes from unity, had made the logarithm of numbers leſs than unity affirmative, and of | 
thoſe greater than unity negative. Baron Napier {aid he thought it more expedient, making oy as before, 

the logarithm of unity, to make 100000 the logarithm of the radius, which was in fact only changing the 
ſigns of the logarithms propoſed by Mr. Briggs, with which alteration Mr. Briggs acquieſced, and accord- 


Ingly ſet immediately about computing ample tables of logarithms to 14 places of figures, beſides the 
index, and in about 8 years, a ſhort time for ſo great a work, completed and publiſhed thoſe of 3o chiliads 


of numbers. He alſo computed a table of logarithmic fines and tangents of arcs to every centeſm of a 
degree of the quadrant, likewiſe to 14 places of figures, beſides the index; which were printed under the 
care of Adrian Vlacg, at Gouda, in Holland; and the author in the mean time dying, publiſhed by Henry 
Gellibrand, Profeſſor of Aſtronomy a at 2 College, under the title of 7 rigonometria Britannica. 


Adrian Vlacq completed Briggs's Table of Logarithms of Numbers by adding 70,000 Wend to the 
zo, doo which Briggs had computed, and alſo computed the logarithmic ſines and tangents for every 10 
ſeconds of the quadrant, both theſe tables being carried only to 10 decimal places in the logarithms, 
whereas Briggs's logarithms went to 14 decimal places. But even a leſs number of decimal places, viz. that 
of 7 places, has been ſince thought ſufficient for moſt purpoſes, and particularly for aſtronomical calcu- 
lations; and may ftill be thought ſo, notwithſtanding the improved accuracy of inſtruments and the 
modes of obſerving; ſince they are capable of determining the place of a heavenly body from obſervation, 
as far as depends on the tables, to a tenth of a ſecond, while the beſt obſervations are liable to an error 


of 5 ſeconds or more. 


Thus we are indebted to Napier Boers and Vlacg, for their ! ingenious inventions ada induſtrious 
labours in providing us with our preſent logarithmic tables, as to the ſubſtance; ſome improvements in 
the form and diſpoſition of them only having been introduced by later authors. Gardiner Tables of 
Logarithms of Numbers and Logarithms of Sines and Tangents for every ten ſeconds of the quadrant, 
which are the moſt complete tables publiſhed ſince Yiacg's, are confeſſedly taken from ach only 
abridged to 7 places of decimals: The. trouble of making proportion for the intermediate ſeconds, - or 
computing equations of 2d and 34 differences, &c. where the differences are "oy en has alone been 


complained of. „ e 


To obviate theſe difficulties, the late Mr. M. 2. 25lar undertookthia laborious work of computing the logarith- 


mic fines and tangents to "__ ſecond of the quadrant, by interpolating Vlacq'slogarithmic fines and tangents, 


W N 


TT ES £ C1 


whereby he obtained a table to every ſecond, conſiſting of ten decimal places of figures, as Vlatg's did, which 
he then abridged to only 7 decimal places beſides the index, taking particular care to make the laſt 
figure true to the neareſt unit over or under, a circumſtance that will be found very conducive to exactneſs 
in ſuch caſes” where an unit in the laſt place is of conſequence, and where ſeveral logarithms are 
added together - | $7 


Nor did the author uſe leſs care and diligence in ſuperviſing the preſs and correcting its errors. He 
generally examined 3 and ſometimes 4 ſucceſſive proofs with the help of an aſſiſtant, one reading while 
the other hearkened.- The firſt proof he compared with his manuſcript, attending chiefly to the 2, 3 or 4 f 
laſt figures, according as the differences rendered neceſſary; and further examined the index and 3 or 4 
or 5 firſt decimal figures himſelf ſingly. He alſo compared the ad proof, as to the 2, 3 or 4 laſt figures, 
and again as to the two laſt, with the manuſcript; then at every 36 with Brigg*s Trigonometria Britan- 
nica; and laſtly to every 10“ with Vlacg's and Gardmers Tables. He further took the differences of the 
two laſt figures of the ſucceſſive numbers by inſpection. He examined the tangents and their correſponding 
cotangents by trying whether their ſum every where came out 10; and, if any difference appeared, detected 
where the error lay, whether in the tangents or cotangents, by the differences. By this method, and 
with this care, the zd proof was generally rendered correct to the author's mind; if not another, and 
another were taken, till the preſs was found correct; and the ſheet was then worked off. The table of 
logarithms of numbers was compared in the printing with the beſt tables of logarithms, and particularly 
with thoſe of Dr. Hutton Mathematical Tables. 


The five laſt pages of the table of logarithmic ſines and tangents were all that remained unfiniſhed 
at the preſs When the author died. Theſe I examined carefully myſelf in the fame manner as the author 
had the reſt of the work. Only I examined the tangents and cotangents, by trying whether the ſum of 
the correſponding figures in every place, beginning from the left, made g, except the laſt ſignificant figures 
to the right which ſhould make 105 which comes to the ſame thing with the author's method. po 


Having been informed by the author, a; ſhort time before his death, that he had diſcovered ſome 
errata in the tables, which he intended to correct in all the copies of the impreſſion, by eraſing the faulty . 
figures and putting in the right ones with a printer's type and ink, I cauſed diligent ſearch to be made for 
them among his papers, which were at laſt happily found. To render the work complete, thoſe which 
affected only a ſmall part of the ſignature, which was the caſe of the greater number, have been corrected 
ſince in all the booles, in the manner propoſed; by the author but, as it is poſſible that ſome miſtakes 
might be made in correcting the copies, I have ſet down thoſe errata at the end of the precepts for the 
uſe of the tables, that the curious calculator might be enabled to examine his book by them. It appeared 
too arduous an undertaking to correct the hooks for thoſe errata which affected the whole or a large part 
of the impreſſion; although the author, out of his great regard for the credit and ſucceſs of his work, 
intended to have done ſo theſe errata, therefore, are inſerted at the end of the tables. On the ſame 
page are added ſome numbers, with their logarithms, which may be frequently wanted in calculation.“ 
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I ſhall now give an account of the principal contents of the Precepts I have firſt given an explanation 
of the general nature and properties of logarithms, in a manner that appeared to me the moſt ſimple and 
eaſy of conception. In explaining the uſe of the logarithmic tables, I have had my eye both on Gardiner 
Precepts to his quarto book of logarithms, and Mr, Callet's improved explanation of them annexed to his 
elegant octavo edition of the ſame, entitled, Tables Portatifs de Gardiner.  Gardiner's Explanation is'undoubt+ 
edly too abſtracted and conciſe for the generality of perſons who are likely to make uſe of ſuch tables. Mr. 
Callefs Explanation is much preferable for common uſe, being more diffuſe, and expreſſed in common 
language without ſymbols. I have taken freely from both, at the ſame time adapting the explanation to 


the peculiar form of theſe tables, and inſerting various improvements of my on, all of which it would 


be too tedious to particulariſe, and will beſt appear by comparing theſe precepts with the others. 1 will, 
however, mention the principal of them | 


In page 17, I have pointed out the proper method of taking out the ichn ſine of an are between 


go” and 180˙ or between 250 and 360", directly, without taking the complement of the arc; and in like 


manner in page 21 to find the arc directly from its logarithm. In page 17 will be found eaſy and accurate 
rules to find the logarithmic fine or tangent of a ſmall arc, or the logarithmic coſine or cotangent of one 
near go"; and in like manner will be found in page 22 rules to find a ſmall arc from its logarithmic fine or 
tangent, or an arc near go” from its logarithmic coſine or cotangent, where by the common rule it would 
have been neceſſary to have applied equations of ſecond and perhaps higher differences, which would have 
been attended with conſiderable trouble to the calculator: In page 28 and 29 ate given'two new rules for 
finding the logarithm of a decimal fraction, one to be uſed with negative indices and the other with affir- 
mative ones by adding 10 to the index. I have taken the ſubſtance of the rule of proportion from Mr.'Caller, 


which is much clearer than as it ſtands in Gardiner's precepts. The rule for the combination and arbitration 


of exchange is chiefly taken from Dr. Hutton's arithmetic. Mr. Jones's 20 caſes of compound intereſt, and 5 
others following, and that in article 10, which are all given in Gardiner, and 5 others by Mr.-Callet, are 


here computed by a new method, by firſt finding certain arcs from the things given, and thence comput- 
ing the things required by theorems equivalent to but much more ſimple than the uſual expreſſions for 
the ſame, and better adapted to logarithmic calculation. I have choſen here, as well as in ſome other 


places, to give the rules and theorems themſelves in algebraic language, rather than as applied to logarith- 
mic calculation, that the reader might ſee more clearly the ground and reaſon of what he 1 1s woche alder 
which he will be at no loſs to make tne calculation by logarithms. ov | 


General properties of 1 un right- angled ſpheric triangles, oblique-angled ſpheric triangles, 
and rectilateral ſpheric. triangles, or having one of the ſides equal to go“, are prefixed to the reſpective 


tolutions of the ſame; as well to explain the reaſon of the ſolutions, as to give the reader information 
which may be uſeful to him on other occaſions. I have given tables of the ſolutions of the ſeveral caſes 
of plane and ſpheric triangles by analogies, and with reference to ſchemes, in the uſual manner, and 


added rules to point out whether the things found are greater or leſs than 90% and not left it to the 
reader to ſupply ſo neceſſary a part of the ſolution from his own conſideration and contemplation of the 


icheme and the general doctrine of triangles,' as has been cuſtomary with trigonometrical writers, which 
might often take up much time, and ſometimes occaſion miſtakes.- A diſtinẽt table of ſolutions of the 


caſes 


= aca ered r ee 


LU 
= 
* 

oO 

| 
p 

: 
$ 
1 
: 
F 
p 
: 
4 
is 
5 
\ 


ap t i i A © |. 


caſes of a tectilatetal Cphericitviangle is here given which has not, that I know of, been done before, 
being analogous to the table * Whip of a det TERA ere triangle, of which this rectilateral triangle 
is _ eee . ch Hit ˖ 

Not ee with giving thi folutions of thetic triangles by 0 I have given chem e over - again 
in another manner, directly adapted to practice, by theſe tables of logarithmic ſines and tangents to every 
ſecond of the quadrant. I had two views in this, firſt to render the calculation more ready and eaſy, and 


ſecondly to introduce ſome ne improvements, in order to make the calculation univerſally accurate in all 


caſes, whereas the common rules frequently fail, which however is a carcunſitancs not generally adverted 
to, nor hitherto much taken notice. of, 0 tn 


The failure of he's common rules ſometimes ariſes from the ſmallneſs or even vaniſhing of the diffe- 
rence of the logarithmic ſines for a difference of a ſecond in the arc near the end of the quadrant, or of 


the coſine near the nne of NOR and n from a contrary cauſe me OO of the difference 
ng the logarithms. | | | | | 


No abviets the error in Racking: an arc © axiding from the ſmallneſs of the logarithmic difference of its 
ſine-or coſine, a new and accurate rule has been laid down to be made uſe of in that caſe. The error 
ariſing from the largeneſs of the logarithmic difference happens only when the firſt arc is not computed 
to a ſmall enough fraction of a ſecond to deduce the ſine or coſine of the ſame arc with accuracy in the 
ſecond operation; this error will be prevented by finding the arc with at leaſt as many decimal places of a 
ſecond as the logarithmic difference has places. But there is another method recommended to be purſued 
in this caſe, attended with ſuperior advantages, namely, to derive the ſine or coſine, or their arithmetical 
complement, for the uſe of the ſecond operation, from the tangent or cotarigent of the firlt arc, which is 
already found, and the coſine of the ſame, if the ſine ſhould be uſed by the common rule, or the ſine if 
the coſine ſhould be uſed by the common rule, taken out of the table, whoſe logarithmic difference will 
be ſmaller than that of the ſine or coſine required by the common rule, and conſequently eaſier taken 
out of the table. The advantage attending theſe methods 1s ſo great, that if proportion be made for the 
differences the reſult will be obtained true in moſt caſes within a tenth of a ſecond, and in any caſe the 
error will not be greater than what might ariſe from that of a tenth of a ſecond in any of the data; and 
in moſt practical caſes, if the exactneſs of only a ſecond or a ſecond and half be required, the making 
any proportions at all for the differences may be diſpenſed with, and the logarithms may be taken out at 


ſight to the neareſt ſecond of the arc, and the arc to the.neareſt ſecond from the logarithm, which will 
much ſimplify and ſhorten the calculation. 0 80 


Next follow the ſolutions of fifteen vſefal 9 The fecond and third of theſs, which are to 
fad the logarithm of the ſum or difference of two numbers, whoſe logarithms are given, are taken from 
Mr. Cagnol?s uſeful treatiſe of plane and ſpheric trigonometry. The following problems, from the third 
to the eighth, are ſolved according to the ſame principles. The eighth and ninth problems are ſubſervient 
to the ſolution of the eleventh problem or of cubic equations. The ninth contains the ſolution of a 
famous problem, that of finding any power of an HON binomial in terms of another impoſſible bino- 


| mial, 


mial, which I have derived from the analogy of the circle to the equilateral hyperbola. There is ſome-- 

thing of this kind propoſed and partly executed by Mr. De Moire, at the end of Sanderſon s Algebra. His 
extraction of the cubic root of an impoſſible binomial is Juſt and complete, but not ſo fimple as what is 
here given. His rule for extracting any root out of any given power of an impoſſible binomial gives 
rightly the poſſible part of the binomial required, but leaves the impoſſible part undetermined. 


The thirteenth and fourteenth problems will, I hope, be found of conſiderable uſe in practical aſtro- 
nomy, being more clear and preciſe than any rules I have ſeen for the ſame purpoſe, -and at the ſame 
time capable of giving the reſult true to a ſecond or little more, in the caſe of the planets or zodiacal ſtars, 


by only taking out the logarithms for the neareſt ſecond of an arc, and the arc to the neareſt ſecond: 
anſwering to the logarithms. 


The fifteenth or laſt problem, to clear the obſerved diſtance of the moon from the ſun, or a fixed ſtar, 
of the effects of refraction and parallax, is one of the moſt important in practical navigation, on account 
of its great uſe in finding the longitude at ſea. Its folution here given is new, and preferable to Dunthorne's 
improved, contained in the ſecond edition of the Requiſite Tables uſed with the Nautical Ephemeris. 
Beſides theſe tables of logaritlimic ſines and tangents, it requires only the tables of refraction and of the 
ſun's parallax, or the firſt and third of the Requiſite Tables. It will be ſufficient to take out the logarithmic 
{ines and tangents as they ſtand in the table oppoſite the are, taken to the neareſt ſecond, and the arc to 
the neareſt ſecond anſwering to the logarithm, which will make the calculation very eaſy. 


NEVIL MASKELYNE. 
| GRrEENwicn, be 5 
January 14th, 1793. 
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EXPLANATION AND USE 


LOGARITHMIC TABLES. 


Tu E nature and properties of Logarithms may be eaſily explained, in the following manner: 


Let 1:1 Te: Tel: Ieh &c. indefinitely continued be a geometrical progreſſion beginning 
from unity, in which the common ratio is 1: 1+e, and e is indefinitely ſmall; or the ratio 1:1 +e 
is indefinitely near to that of equality. It is evident that ſome term or other of the progreſſion will be 
equal to, or coincide with each term of the ſeries of natural numbers, 1, 2, 3, 4, &c. as well as to every 
other intermediate mixt number conſiſting of a whole number with a decimal annexed. The products 
of the given quantity e multiplied by the indices of the ſeveral terms of the geometric ſeries are called 
the hyperbolic logarithms of the numbers to which the terms themſelves are equal. Thus e x 1 =e is 
the hyperbolic logarithm of the number 1 + e = 1 Tel whoſe index is 1; e X 2 2 2e is the hyperbolic 
logarithm of the number 1 + e|* whoſe index is 2; and, generally, e x n = ne is thehyperbolic logarithm of 
1e whoſe index is n; and e x © or o is the hyperbolic logarithm of 1 2e whoſe index is o. 

Hence the hyperbolic logarithms being proportional to the indices of the powers muſt have ſimilar 
properties; And as 


I Tel“ xf Tel i Tel ; ſo log. 1 = + log. 1 +e! 6” Tel! se 
EE = 90; ſo log. Te — log. Te = log. 14 e 2e 


1 Tel!“ Te i Tele; ſo 3 & log. 1 Tel! =log-1+el* = 3 x 2Xe=be 


V 1+e'=IF@f=i+e*; ſolog.i +edf=log.1+e'==xe=2e 
. Babs - 


I+e®xi+eÞ = I Ten n; ſo log. 1 T e +log. 1 Ten log. 1 Te = Nuxe 
ire; ſo log- 1 Te —log. 1 Te = log. IT = m—n xe 
ccd = THO"; ſo log. To elm" or of I Tenn —=mxnxe=mne 
VI Ten =I Tel; ſo log. VI e or of Te log. 1+” = Ze 


n 
a | But 


% 
+33 : 
we 


But the geometric ſeries muſt be carried tackwanks as well as forwards, i in e include numbers 
leſs than unity, as well as thoſe that are ah and the ſeries will ſtand thus: neee, 


The Numbers, &c. 1 0; XR 7 , A, . 77H, l 1 1 
Their Logarithms, cc. —3e » —=20z „ 8 S8 TRE Sod 


where it is evident, when the indices become negative, the terfns of the progreſſion will vipreſs numbers | 
leſs than unity; and their logarithms, like their indices, will become negative alſo. 


As the products of the given quantity e, multiplied by the indices of the terms of the np N. 
the hyperbolic logarithms of the terms, and have properties ſimilar to thoſe of the indices; ſo if theſe 


logarithms be multiplied by any given quantity v, they will have ſimilar pwperties to what they had. 
before, or become logarithms of a new ſcale ;- which, as v is variable at pleaſure, admits of infinite variety. 


If v be taken = 0,4342945 &c. then 0443429455 &c. x e x into the indices of the terms of the geometrie 
progreſſion before given, will be the common or Briggian logarithms of the terms, and the logarithm 


of 1e, which exceeds 1 by the indefinitely ſmall quantity e, will be equal to 944342945 Nc. x ©; and 
the logarithm of 10 will come out equal to unity; which renders this ſcale the moſt convenient for 


common uſe, as being beſt adapted to our decimal ſcale of arithmetic, and has been the reaſon for = 
adoption of it in preference to the hyperbolic logatithms firſt invented by Baron NAPIER. | 


The quantity e being indefinitely ſmall, n muſt be indefinitely great, to make 1 + Tel“ exceed t 2 by a 
finite difference, qr to repreſent any of the natural numbers greater than unity. But this expreſſion may. be | 


transformed into another, which contains only finite WO Thus putting n =— = Where m 18 nite 
quantity, we ſhall have 1 FO = FTA FO en; putting the given a T 


It may be obſerved, that the quantity Ten is that whoſe Hype logarithm i Is = — 8 * e = I, ts 
quantity is found by the binomial theorem = =1+1 += - + RAT EA TT: c. = 2 1182818, E 


whoſe ratio to unity has been called by Mr. Cotes the modular Ween becaule i is logarithm Gen da a. 
ee is the e of that blen. Thus ET 


* 


de is * number whoſe bypubelis leb * 


This night alſo be deduced, Sow. 8 the ed ee of * ForuT in Cond Kale, the 
logarithm of b® m x logarithm of b; and therefore if b be taken equal to the number whoſe logarithm 


of that ſcale is equal to unity; the logarithni of bu will be equal ta m. Hence, if b repreſent the number 


25 7492976 &c. above-mentioned, whoſe * logarichpn is equal to u i: the ie bs 


is unity, the logarithm 6f bo or 10" will be m; that is, the common. logarithm of any number is the | 
index of that power of 10, which is equal to the number. Thus, the logarithm of 10 or Th is 13 
that of 100.02, To. is 23 that of 1000 = 70"? is 35 the logarithm ef i * | + loans the 


| logarithm of 20 ="10) "P46 Is 3010300 and if any number be ie | its logarithm wih mae Ms 


8 * . \ _ © 4 / : | 
. % 44 F 
i 1 = < 
on 4 1 - \ 
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| Unc ths tr of te decent re of numbers 


5 pie I 4. in, en 27 N 
$500 20731) 40's 1 100 10}; 7 5 | 


or 1000.3 100 3. 103 713 . . 0414 95013 final have ks argen oba 
JO +33; +24,+13 | 0 —1.3.—24, 93. 5 | 

/ eee ae 
of the enponent of the ſecond of the two terms which may be either poſitive or negative, and a decimal 
_ fraftiony Which is always poltive, unleſs otherwiſe declared. Thus the logarithm of 556, which lies 


| betweeh 1006 2 T6 and 100 er 78 is 2 + een or 2. 8785218, | "The logarithm of Oz 0756 which 


lies between 051 e 0 axiolis 16— 2 * o. 5788215. And generally the logarithm of a number 0 
7 + 
a lying between 20} ,. "dt | ie aries As whine A b u deim fraction. 1 


called the inden or charaRteriftic of the logarithm of a, and is always a whole affirmative or negative 


number, or vero, und ſe¹¼s the diſtance of ab een ec . eee eee 
een id Uns! 118 ec IT; 44 £5 


2 


11 1 - 


The negative index of ena whoſs deciniul part is bites, as uſual, is beſt diſtinguiſhed by 

| the negative ſign placed above the index; hub the logatithm — n + A will be expreſfed by N T A; 
and che logarithms "24. 85218" e e exptefied by 7 878 5218; and if this diſtinction be well 

obſerved, the negative ſign prefixed to che inder thay then be uſed to fignify the whole logarithm; both 


index and decinmt part bo be negative, as in the «Rel 1 . which is the JOE: as the 
| ue only reduced to this form, us will be thewn'below. 


The charatteriiitcs of the logarithms being thus eatily determined i upon ple infoedion 15 the 1 num- 
bers whoſe logarithm are fought, are not expreſſed in theſe Tables. T e decimal fraction, or other part 
of che logarithm'(which is whattheſe Tables exhibit) is always affirmative. Nevertheleſs, when the 
index is negative, if any one thuſes to. make the whole logarithm of one kind, that is wholly negative, 
which may ſometimes be uſefot, efpeciatly in raiſing powers, it is ealily done, by adding an affirmative unit 
to the negative index (which 1s the ſame thing as leffening the negative index by a unit), and inſtead 
| of the decimal part putting down its arithmeyical- complement, Thus the logarithm of , 7 56. being 

— 2 + & 8785218, = 2, 878 54:8 B, if + x be added: bo its index — 4, and the arithmetical complement of the 
decimal part be taken = 1 — þ. 8785218 = == O61 214764, will begome — T, 1 214982, which is wholly negative. 
The arithmetical complement i 18 und, by fabstsking edch-figure ſeparately from 9, only ſubtracting 

the laſt ſignificant figure front 105 aud -patting | down cue remainders u order. Generally, if the logarithm 
be -n + Ay =n + A, makd tha new index — * a, and the new decimal fraction or complement of 
Am=—1+A, and both the index and decimal fraftion will be negative, to which Prey the common ſign 
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| borrowing 10 to the index, or in ſome caſes 100 or 1000; Which is done by only ſubſtituting for the 


thigh: „ | 


But it is more generally uſeful to put theſe logarithms. of decimal. fractions under a poſitive: PETTY | 


* 


index its arithmetical complement to 10 or 100, Kc. as the 'caſe may require. Thus, inſtead of 
2.878 5218 we may take 8, 878 5218 or 98, 878 5218 or 998,878 52 18 Kc. We muſt remember, however, 
to ſubtra the 10 borrowed in the place of the index from the reſulting logarithm, at the end of 
any operation where ſuch transformed logarithm is employed 3 and, if the reſulting index ſhould then beleſs 
than 10, to put the firſt ſignificant figure of the correſponding natural number as much below the place 
of units as the reſulting index wants of 10. Thus, if the reſulting logarithms ſhould be 13. 7951846, 
diminiſh its index by 10, the remainder 3, 7951846 will be the proper logarithm, whoſe natural number 
is 6240; but if the reſulting logarithm be 7. 7951846, whoſe index is leſs than 10 by 3, the natural number 


will be o, 00624, whoſe firſt ſignificant figure 6 is depreſſed 3 places below the place of units. 


Becauſe multiplying or dividing any number by 10, 100, 1000, Be. only adds 1, 2, 3, Nc. to the index of its 
logarithm, or diminiſhes it as much; therefore the decimal part of the logarithm is not varied by ſhifting 


the decimal point or comma. of any given number, the index only ſuffering an increaſe by as-many ' 


units as the point is ſhifted to the right, or a diminution by as many units as the point is Thiftedto-the | 
left. It is, from this property of the common logarithms, that one table of them, carried up ſuppoſe to 
100000 natural numbers, with their correſpondent logarithms to 7'decumal places 'of figures, will expreſs - 
the logarithms of any numbers ad infinitum true to the ſame number of decimal places, by. only varying the 
index, and thereby becomes in effect an infinite table, which renders theſe logarithms ſo valuable; which 


is not the caſe of the hyperbolic logarithms, where multiplication or diviſion by 10, 100, 1000, &c. cannot 


be performed without adding or ſubtracting the hyperbolic logarithms of thoſe numbers. Thus, if the 


number 54 321 be varied, by changing the poſition of the decimal point, the index of 1 correſponding 


logarithm will vary accordingly, the decimal part CORES the ſame, as follows | ITT, 
— — — — —— | OG 
ONES > bes . 23 
| Number 8. Logar ithms. N Decimal Fractions 8 5 28 28 f | 
| | Aer borrowing 10. 
54321 4 7349978 | R 8 
5432, 1 3- 7349678 
543, 21 2. 7349678 vs i 5 
54,321 1. 7349678 (l i 
5,4321 0. 7349678 1 128 WES NNE: 1 
0, 54321 , I. 7349678. Nen i TL 21 MT 6 
oo, 54321 2. 7349678 [ 8. 734%%,᷑᷑x?]ß8 
©, 0054321 3. 7349678". |: 7- 7349678 | 05 A0 
o, 00054321. 4 7349678 6. 7349 678 1 wor : 
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follows from the ſuppoſition that L'a +a =l,.1=0 Then 
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The PROPERTIES of LOGARITHMS, 


bye c. be any numbers; and Lea; L. b; L. e, cc. their Logarithms; and L. a; L'. b; L c, 
gcc. the complements of their logarithms to zero, or Ane eee n bz o reſpectively, which 


mL. a +aLb+: LemrLp—iLg=eLr=mbn+ aLb+tLe 41. p+x 
e er. 12—8L, 13 10 L1g=4L3+9L 5+aL7+6 


The 3 to a. or 2 fo ann 55 a number, | is what muſt be added to the any 
to produce zero. Although the complement of a number, and what is called its arithmetical complement, 
s comE to (08 lane thing * practice, when propetly underſtood, we ought not to confound one with the 


We mat ade A ber to produce not zero, bots 
wilt rn certain Plate, Setleraliy e one _—__ than 05 of the firſt fignificant place of the number, when it 
1 « wha wunder bad 1 Tatticn; but When it 18's tion, the Practice is to take its complement to unity. 
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For Example: | | | RE: | f ; : * 4 

The arithmetical complement of 769 is 1000 - 769 or 231 » * 

Its complement to groe is 0—769/ cor 231 — 1000 | 

The arithmetical complement . of 76, 943 is 160 -—— IPs 943. . 23, 057 | r 

Its complement to zero = is " wp — 76,943 © of 23, 055 — 160 Mr 

The arithmetical complement of o, 76943 is 1 — , 76943 or 0; 23057 l 

Its complement to q 1  ©—0, 76943 or o, 205% — 1 


When two numbers are complements of one another, the numbers to -which taps ee are 
reciprocals of one another; that is, the ratio of the firſt to unity is the inverſeior reciprocal of the ratio 
of the ſecond to unity. Thus 7 and are reciprocal, becauſe : r is inverfely or reciprocally as*723/5 | 
If L. a 4 L.b = © = L. 1, we ſhall have a b 1, and b Whence we ſee that the logarithm of 
a number is equal to that of its reciprocal, but with a contrary ſign} and that the logarithm of the 
' reciprocal of a number-isthe-complement of its logarithm. It may therefore be often N inſtead 
of a logarithm, to make uſe of its complement, which may be readily found: thus, 

Increaſe the index by 1; that 1s, if it is poſitive, augment it by a poſitive unit, and if f it is negative, 
diminiſh it by a negative unit; then change its ſign, and put down what each of the following figures | 
of the decimal part wants of 9, only what the laſt ſignificant figure wants of 103 but, it the decimal part 
is equal to nothing, only change the fign of the index. See the following Examples : 

L. 5 = 0.9030900. LI or L. 8 = —T. 069 100. 0969100 g. og6g100 = = , gezoges 


L. 8000 = 3. gogogoo. L. 8000 — — 4 0969100. 0969100 = 6. og969100 = — 3. 9030900 
L. 1000 = 3. 0000000. L. 1000 


— 3: 0000000. 0000000 = 7. 2000000 g. 0000000 „ ae 
L. 543214 7349678. L. 54321 = — 5; 2650322. 2650322 = 5. 2650322 4 7349678" 47-7 
The arithmetical complement of any number is eaſily found, by writing down what each of its figures 
wants of , except of the laſt ſignificant figure toithe right, whoſe difference from 10 is to be ſet down. 
The complement of a number being equal to the number with a contrary: ſign, it follows, that the com- 


plement of the logarithm of a decimal fraction becomes the wenne E rg e of this e or of any 
vulgar fraction ous to it. Nin 903 | 
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EXPLANATION of the - TABLE of LOGARITHMS 6 of NUMBERS. | 
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Tur 18 Table ns: of two parts, © or two 1 "vat 
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of which" together contain. 9 5 e pert of 


the logarithms of all numbers, from x to 165999. "The leg, o or particular table, and which occupies. the 


two firſt. Pages, contains the decimal part of the lo garithma of ; the numbers from 1 to 1260s. and che 


IS. Wet 'S che Airs 
ſecond, or general table 1 is mu —.— extenſive, WI occupies the remaining, pages). 
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: to. che firſt 1260 allo, in the beginning of ths table, EE to the num bert, from I 00000. to 105 at 


the end of the table, conſiſts of eight places of figures ; but in the reſt, or intermediate and greater part 


of the table, only of ſeven places of figures. In the firſt two pages, or firſt table, the natural numbers are 
contained in the columns marked N (the initial of. Natural), and the logarithmic decimal in the adjacent 


column, marked Logar. (for Logarithms), and anſwering to the number preceding it in the fame ho- 


rizontal line. In the fecond, or general table, the four firſt figures of the natural numbers, from 1000 te 
1000005 are contained in the column marked N at the top, and the fifth figure (including the cypher 


as one}, at the top and bottom of the ten following columns. The logarithmic decimal of all theſe 
numbers is inſerted in the ſaid ten columns, intitled o, 1, 2, 3, &c. both at top and bottom, viz. the three 


firſt figures ir the beginning of the ſecond column, and the four laſt figures on the right hand ſide of the ſame. 


column adjoining to the three firſt figures, and in the other nine columns intitled 1, 2, 3, &c. This is to be 
underſtood with reſpe& to the numbers from 10000 to/100000; but from 100000 to 100999 the logarithmic 
decimal confiſts of eight places, as before-mentioned z; the four. firſt figures of which, being common 

to all the columns, are contained in the beginning of the ſecond column, and the four laſt figures on 
the right hand fide of the ſecond column and in the nine following columns. This being what is 
called a table of double entry, is entered with the four or ſive firſt figures of the natural number in the 
firſt column, and the fifth or ſixth figure at the top or bottom of one of the ten following columns 3 
at the common meeting of the vertical and horizontal lines the four laſt decimals of the logarithm will 


be found, to hien poſe vs, ro the. a or four firſt rare tha * 1 * ſecond 


column. 


The three or * firſt logarithiaic "OS continuing the - ſame, for ſeveral lines tn it 
has been uſual to ſet them down only once in the tables, namely, where they firſt begin to take 
place in the ſecond column; they are therefore to be underſtood as if they had been repeated, or the 
beginning of the ſecond column filled up with them, till a new ſet of three or four firſt figures, greater 


by one than the former, takes place; or, Which comes to the ſame thing, the three or four firſt loga- 


rithmic figures, if not found againſt the given number, will be the firſt that occur above, except in part 


of the line immediately preceding a ne ſet of three or four firſt figures, where the four laſt figures 


begin with a cypher; or any leſs figure than the laſt four in the ſecond column, in which caſe the three 


inen rom Narr nnn _ the enen U er in the line mm 
ECC 


The index to the ebe has "MA Aided, as man eaſily a and bitter fo than if it SLY $ 


been inſerted i in the table, being equal to the diſtance of the higheſt figure of the natural number from 
the Place of units, and poſitive if to the left, negative if to the right. It will therefore vary according 
as: the number, if not all integral, 1 divided by the decimal point or comma, into integers. and decimals; 


| whereas the decimal part of the logarittiin depend wa on the figures of which the number 1 is compoſed, 


confidered'all1 together as” an integer.” Otherwie the 


wei decimal c contained 1 in the table truly. 
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the figures 1, 2, 3, &c. in the ſixth place of the natural number, or , v, 4% &c. of the difference. 


To find what particular ſmall table ſhould be made uſe of, the difference of the ſucceflive logarithms may 


| logarithmic decimal, the three or four firſt figures, of which, when not ſtanding even in a line with the. . 


1 „ 

a the ln of the natural wants: ſuppoſing its firſt or higheſt figure to bey che plicett | 
units, and the remaining figures to be decimals. Thus the logarithm of 9783 is 0. 992553525 found in the 
table oppoſite 983; and the logarithm of 1, o194 is ©. oo$ 3446, ſtanding in the table oppoſite 10194. 80 
that inſtead of putting an index to the logarithm in the table, we ſhould rather put a decimal point or 
comma to the natural number, to ſeparate its firſt _ om og reſt. Bot botk, diftin®ions re 
unneceſſary. | i 

If the natural number, whoſe logarithm is required, confiſts of more than five places of figures, A pro- 
portional addition muſt be made to the logarithm contained in the table; therefore immediately after the 
logarithms are placed ſmall tables of proportional parts of the difference of the logarithms, anſwering to 


2 


The number at the head of the column fignifies the difference of two ſucceſſive logatithms in the table, 
and is placed to anſwer as near as poſſible to the logarithms to which it belongs i in the fame horizontal line. 


be taken, or it may be ſufficient to take only their difference in the place of units, for the 6 other ey o 
the OG will e, appear at the head of ons ſmall table 10 the ſide. | 
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To find the Logerithm Je * given Number by the Tables 105 1 2r0 I 


28 


L E T the firſt ſignificant figure, of che number occupy ee place; it will, & in the alt 3 
confider the number as an integer,. remembering only that. the proper index is to Nepp nt} to tie 
logarithm, after its decimal part ſhall have been found, in the manner before · mentioned. BOAT 
CASE I. If the number does not exceed. 1260, look for it in one of the columns marked Ni in law ths,” 
two firſt pages, or firſt Table, its logarithmic decimal to eight places of figures is even with it in the es 5 
column marked Logar. Thus the logarithmic decimal of the ſta 4965 is Or aa mins . 
logarithm of 1023 1s 3 00987 563 and that of 102, 3 1 2, 9987563. 70 4 uf 
CASE II. If the given number is between 1000.and 10309, lo fort in the bet cola the rel of . 
table, or general table, after the two firſt pages, and in the adjacent column marked o, you will find its 


— 


given number, muſt be taken from the firſt Which occur above. From 1000 to 10000 the logarithmic , 
decimal conſiſts of ſeven places of figures, but from 10000 to 10099 it conſiſts of eight places. Thus the 
logarithm of 4627 1s 3. 66 529953 and "Ou of 46, * is 1. 6652995, and that of 100, 761 is 2. 00328816. 

| 1 A 8 * 


. 82 
tf * 


* 
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CASE tf. If the ar is between 10900. and 1000004 or conſiſts of five places of Ggnificant figures, 
| look for the firſt four figures in the column marked N, and the fifth figure at the top or bottom of one of 
the ten following columns; then in this column, and even with the four firſt figures of the number, you will 
find the four laſt figures of the logarithm; and you will find its three firſt figures at the beginning 
of the ſecond column, either even with the firſt four figures of the number, or the firſt which occur above; 
except in part of the line, immediately preceding a new ſet of the. firſt three figures, where the four laſt 
| figures begin with a cypher, or any leſs figure than the laſt four in the ſecond column, and then the three 
| firſt figures are to be taken from the beginning of the ſecond column in the line below. Thus the 
logarithm of 546474 1 is 2, 7377808, and that of 73, 284 is 1-:8650092. If the number was between 100000. 


and 101000, its logarithm might be found in like nf. thus the m of mays 93 is 3. 90256796» 
: and that of 107 0767 1 18 4 . 00331 833. : 


.C ASE IV. If the number is Dane 109000, 3 1099900, or conſiſts of fix 3 figures, ſeek for 
the logarithmic d decimal anſwering to the firſt five figures, take the difference of the logarithms, with 
which enter one of the ſmall tables of proportional parts at top, and with the ſixth figure of the given 

number on the ſide; the correſpondent proportional part added to the logarithmic decimal belonging to 

the five firſt figures of the number will be the logarithmic decimal of the given number. Example: Let 
the logarithm of 67832, 3 be required. The logarithmic. decimal of 67832, or the five firſt figures is 

8; 314346, the lifference between which, and the next greater logarithm | in the table is 64; the column 

ſo intitled, even with 3, the ſixth figure of the number, gives the proportional part 199 which added to the 

logarithmiec decimal 8314346 gives. 8314365, therefore the true logamn of 67832, 3 is 4. 8314365. If the 
number was greater than 1000000 and leſs than 1010009, its logarithm would be found in the ſame manner. 

Example : Let the logarithm of 1008, 764 be required. The logarithmic decimal of 100876 is. oo 37878 55 

the logarithmic difference is 431, with which entering the ſmall table on the ſide even with 4 the laſt 


4 figure of the number, I find 172, which I add to 199378785 5 _ d ſupplying Cr ap. I have 3. 003789 57 
the true logarithmic decimal of 1008, 764. | 


OASE V. If the number conſiſts of ſeven or 48 nificant eee ſeek for the wan 
decimal anſwering to the firſt five figures, and with the logarithmic difference at the top of one of the 
_ (mall tables, and with the ſixth, ſeventh. and eighth figures of the number on the ſide, take out ſucceſ- 
ſively the proportional parts; the firſt proportional part, with one-tenth of the ſecond, and one- 
hundredth of the third, added to the logarithmic decimal before found, will give the logarithmic 

decimal of the given number. ' Otherwiſe, and rather more exactly, multiply the logarithmic difference 
by the figures following the firſt five figures, conſidering them as a decimal fraction; the proper product, 
that is, what remains after as many figures are cut off to the right as there were figures in the decimal 
multiplier, will be the proper proportional part to be added to the logarithmic decimal anſwering to the 
firſt five figures. Example: Let the logarithmic decimat of 256358, 49 be required. The logarithmic 

decimal of 27635, or the five firſt figures, is by the table .441 4595, the difference between which and 
the m1 next . lorem in the table is 1 7. The e * unn entered with 8, 4 9» VIZ. the 
= fo „ dec ele "RY jo Gags 1 5 1 3 


3 * 


SS 
ſixth, ſeventh, and eighth figures of the number ſuceeſſively on the ſide, Sives 126, 63. and 141; 3 but 
only the tenth of the ſecond proportional part is to be taken, viz. 6, 3s and one-hundredth of the third 


proportional part, or 1541; therefore 126 and 6, 3 and 1,41 added to +4414595 and the index being 
ſupplied, gives 5. 4414729 the logarithm of 276358, 49. Otherwiſe, multiply the logarithmic difference 
157 by , 849, the fixth, ſeventh, and eighth figures of the number conſidered decimally, the product 
will be 133, 293, from which reje& the three laſt figures becauſe there were three in the multiplicator, 
the remainder 133 will be the true proportional part, which added to 441 4595 and the index being 


ſupplied, gives 5. 4414728 the true logarithmic decimal of 27635849, and more correct than chat found. 
by the table of proportional parts, from which it however differs only by 1 in defect. $ = 
CASE VI. If the number is a fraction, ſubtra& the logarithm of the denominator from the logarithm K 
of the numerator, the remainder will be the logarithmic of the number required; where, it is evident, 
the index of a proper fraction will be negative. Or, if you ſhould chuſe to avoid negative indices, 
ſubtra& the logarithm of the denominator of a proper fraction from the logarithm of the numerator” 
f increaſed by 10 in the place of the inder, the — will a the N of the fraction, 
under a poſitive form. | | | 
If a mixed number be given, ne of an integer and a fraction, reduce the mixed . to an g 
| improper fraction, and ſubtra& the logarithm of the denominator from the logarithm of the numerator, 
the remainder will be the logarithm of the mixed number. If the proper fraction, improper fraction, 
or mixed number be eaſily convertible into a terminating decimal, mate it ſo, and take its logarithm. 


Examples: 1. Let the vulgar fractid whoſe logarithm } is ſought, be = . From o. 3010300. or the loga- me 


rithm of 2, ſubtract o. 4771213 or the logarithm of 3, the remainder 1. . $2 39087 i is the logarithm of the 
fraction, whoſe index is negative. Or adding 10 to the index of the logarithm of the numerator, from 
10. 3010300 ſubtract o. 471213, the N 9. 823908 is the logarithm of the fraction under a 
poſitive form. 2. Required the logarithm of 3 __ This turned into an improper fraction becomes 


=, From. the logarithm of 355 which is 2. 55022835 ſubtracting that of 113 which is 2. 05305844, 


the difference is o. 49714991 the n, required. 3. The logarithm of - r 2 is T. 3010300 or 

9. - 3010306. The logarithna of = = o, 75 is 7. $7506 26 or 9. 87506126. The logarithm of }.= 0875 : 

is = 94200805 or 994200805. : 2 1 i ie 
CASE VII. If the given number i is a al . ſeek for. its Xa Sy as. if, it was 1 Re 

number, and apply the proper characteriſtic to it. Examples: The logarithm of 0,76134 is 7. 881 5786, 

or 9. 8815786. The logarithm of 0, 076134 i is en or Fan, The n ah eee 

3.881 5786 or 7. 8818786. Wes | | a nn >; 
CASE VIII. If the given number conſiſts of a finite part lib an infinite recurring ſeries, conſider the 


finite- part together with the firſt recurring period as an integer, from which ſubtract the finite part E 
taken as an integer by 2 ; add the logarithm * the remainder to the arithmetical complement of 


* the 
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| the logarithm of as many nines as ts recurring 1875 has figures (which may. be found o on . page 
at the end of the logarithmic Sines and Tangents) and ſubtract 10 from the index, and you will. have the 
logarithm required, in cafe the finite part 1s an integer; 1 but if the finite part be not an integer, increaſe 
or dimin iniſh the inden fo tound as mach as the decimal point or comma falls to the right or left of the 
laſt figure of the finite part; or elſe ſettle the index, as uſual, with reference to the poſition of the 
decimal point or comma in the given number, that is equal to the diſtance of its firſt figure from the 
place of units, poſitive if if it falls to the left, negative if it falls to the right. . Exambple : Let the logarithm of 
the number 32067 65 5 Kc. be required, where the infinite recurring ſeries is diſtinguiſhed from the finite - 
part by points placed over its figures. I conſider the finite part 320 with the firſt recurring period 
67 or 32067 as an integer, from which I ſubtra& the finite part 320 taken as an integer by itſelf; 
the remainder is 31747» whoſe logarithm 4. 501 7% I add to the arithmetical complement of the 
logarithm. of 99 or two nines, , becauſe there are two figures in the recurring period, viz. to 8. 0043648, 
(ſee the Table at the end of the logarithmic Sines and Tangents) and I ſubtract 10 from the index, the 
remainder 2. 5060675 is the logarithm of 320, 6767 Kc. or the finite part taken as an integer with the 
recurring ſeries adjoining, as a decimal. But the given number was 320676, 7 8c. whoſe decimal comma falls 
to the right of the laſt figure of the finite part of 320 by three places of ſigures: therefore I add 3 to the 
20 index, and the true logarithm | of 320676, 7 8c. will be 5. 5060675; or the index is determined at once 


to be 55 as being one leſs than the number of figures. contained in the integer 320676, which is. part 
of oy yew. number. ** Ar; r ongnt 5:0! 15: tint 5) 7 =; TERS © . 


1 - — * 
= 7 
4 „ 
* = 


: * 4 - - -. | K 
1 © CY * 1 TIL- „ „ SS > we G 
- - . * Lies 1 1. 8 4 iS. + — — 483} 


PROBLEM II. 


10 find. the Natural Number that aner: to any given Ait i 


Nec GLECT the conſideration of the don in the firſt inſtance, and find the natural number as an 
integer anſwering to the decimal part of the logarithm ſought for in the table: then divide the number 
© found properly by the decimal point or comma, that the firſt or higheſt figure may be at the diſtance 
from the place of units which is ſhewn by the index, and to the left if the index be poſitive, and 
to the right if the index be negative, adding cyphers to.the right or prefixing them to the left, if neceſſary. 
"CASE: 1. If the natural number be wanted true only to three places of figures, look in the firſt or 
partieular table contained in the two firſt pages, and in the column marked Logar: for the neareſt 
logarithm over or under to that given: even with this in the preceding column marked N you will find 
the natural number required. Example: The natural number to three places of figures, anſwering to 


the logarithm 1. 94117836 will be found immediately, without. regarding. the index, to be 973, but on | 
account of the index f it muſt be taken 87,3. Had the index, be een z it muſt be taken 87305 with the index 


25 it muſt be 873; with the index o/ it rol be be 25 3 wink Bhs PSF Tbs un, — With the 
index = _ * it x malt be © 050975. | 


»- 


CASE 


1 3 

CASE IL If ks aaa number be wanted true only to four places of TY ſeek 3 in the FR : 
intitled o of the general Table for the logarithm neareſt to. the given logarithm over or under; .in the 
firſt column adjoining, intitled N, you will have the four figures of the natural number required, which 


you. muſt divide properly, according to the .index, into integers and decimals. \Example: The natural 


number to four places of figures, anſwering to the logarithm 2. 319471 3 —— is 2088.3 
but, paying due regard to the index 2, is 205, 8. | CON | 


CASE III. If the natural number be wanted true city to kve places of N N in the . 
Table for the logarithm neareſt to the given logarithm over or under; even with this in the firſt 
column, intitled N, you will find the four firſt figures of the number; and at the top of the column 
where the logarithm was found you will find the fifth or laſt figure of the number. Example: The 
natural number to five places of figures anſwering to the logatithm — 2. 871201 is 0, 74336. The 3 
natural number anſwering to the logarithm 2. 8170183 is 656, 17, the four laſt figures of the logarithm 


being found in the line -above that where the three firſt figures 817 are found, mo the four! laſt 5 


figures are leſs than thoſe in the column intitled o in the ſame line. 


CASE IV. If the natural number be wanted true to ſix, ſeven, - or eight 8 of Ps ſeek in 
the general Table for the next leſs logarithm than that given, and you will have the firſt four figures 
of the natural number even in the ſame line in the firſt column, intitled N, and the fifth figure at the 
top or bottom of the column where the logarithm was found nearly. To find the following figure or 


figures of the natural number, ſubtract the logarithm found in the table from the logarithm given, | 


and ſeek the remainder in the right hand column of the proper table of proportio —_— 4 7. 5 


leſs number, if it be not found exactly, the ende number in the left hand column will be the 5 
ſixth figure of the natural number. | 

If more places of figures be required, from the remainder above mentioned ſubtra8t the 
next leſs number, in the right hand column of the table of proportional parts, for a ſecond 
remainder, to which affix o, and ſeek for it in the right hand column of proportional parts, or 
the next leſs number, if it be not found exactly; the cotreſponding number! in the left hand column 
will be the ſeventh figure of the natural number. In like manner an eighth figure may be found, if % 
neceſſary; that i is, if ſuch exact neſs be requiſite, and the laſt remainder was not found exactly i in the table 
of proportional parts. Otherwiſe, and rather more exactly, eſpecially if eight places of figures, are 
wanted, in order to find the figures additional to the firſt five, add as many cyphers to the firſt remainder J 
above-mentioned as you want additional figures, and divide the ſum by the difference of the two 
ſucceſſive logarithms in the table, the quotient will be the figures required to be added to the five figures 
of the natural number found before. Example: What is the natural number whoſe logarithm is 
5+ 44147287 The next leſs logarithmic decimal in the table i IS 4414595 anſwering to the natural number 
27635; ſubtract this logarithmic decimal from that given, the remainder is 133: ſubtract alſo the given 


| logarithm from the next following it in the table, the difference is 1 57- In the column of proportional . 


tarts, on n the ſide, intitled 157, ſeek the next leſs number to 1 133 which 1 is 126, to which the number 
f | "Om i 


ee e LW | 
a * "ahi left POE is $, the ſixth. figure of the natural number. From the der 
133 ſubtract the number 126, found in the table, for a ſecond remainder, which is 7, but with o 
affixed to it is 70; the neareſt number to this in the table of proportional parts is 63, to which 
the number anfwering in the left column is 4, che ſeventh figure of the natural numbet. Subtract 63, 
the number found in the table, from 70, for a third remainder, which is 7, but with o affixed to it 
is 70, the neareſt number to which in the table of proportional parts is 63; the number anſwering 
to this in the left column is 3, the eighth figure of the natural number; therefore the firſt five figutes | 
of the natural number being 27635, and the fixth, ſeventh, and | eighth figures being 8, 4, 44 the 
natural number is 2763 5844. Otherwiſe, add three cyphers to 133, the difference of the given loga- 
rithm and the next lefs logatithm in the table, and divide the reſulting number 13 3000 by 157, the 
difference of the two ſucceſſive logarithms in the table, the quotient is 847 for the three figures to be 
added to 276353 merefore the natural number is 27635845; but becauſe the index of the given loga- 
rithm'is 5 it will be 276358, 47, and more exact than that found by the table of proportional parts, from 
Which however it differs only by g in exceſs. It is however to be obſerved that the natural number 
cannot be obtained entirely accurate to eight eee ene the nnn 2 in are 
carried oy to / places of figures. hw Am ich an! a 

ASE V. „ for it in the ids ds if it was hh 
and make its correſponding number the denominator of a fraction whoſe numerator is unity. Thus if 
inn — 4.3744 log. 8% 75 — log. 20626778, and wholly negative, che natural number 
„ „ hich * che ratis of the ſemidiameter we (the . to its mean "diſtance from the 


85 
ſun. 


ASE VI. it the logarithm has a negative rann the decimal part being politive, find "oF 

correſpondent number as uſual, and place its firſt ſignificant figure as many places below the place of 
units as is expreſſed by its negative index, Thus the logarithm — 5.627 58, or rather 5. 627 58, borrowing 
10 to the index to put it in a form entirely poſitive, or the logarithmic ſine of 8% 55, the ſun's mean 
horizontal parallax, has the natural number 42421 anſwering to it; but becauſe the index | is either — 5 
or 5 with 10 borrowed, the natural number will be 0, 00004242 ty which is to * as the ob” 
diameter of the cara to the mean diſtance * the ſun, is 
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OF THE TABLE or 


LOGARITHMIC SINES AND  TANGENTS 


TO EVERY SECOND OF. THE. QUADRANT. , 


f 


: 


ALT HOUGH the tables are intitled Sines and Tapas &c. yet artificial: or Haan * 
and tangents, &c. are to be underſtood. The logarithmic ſines and tangents of arcs, and the loga- 
rithmic fines and tangents of their complements; called logarithmic co- ſines and co-tangents, being 
often wanted in the ſame calculation, it has long been the practice to place them altogether. in the ſame 
page, or at leaſt at the ſame opening of the book. The ſame method has been uſed in the arrangement | 


of theſe tables. The degrees are put at the top and bottom of the page, and the minutes at the head 


and foot of the ſeveral columns; except the firſt and laſt, in which the ſeconds are placed. The left 
hand page contains the logarithmic fines and co-ſines, and the right hand page contains the logarithmic 
«tangents and co-tangents, as expreſſed by the titles put at the top and bottom of the four departments 


or particular tables of ſines, co-ſines, tangents and co-tangents. The degrees placed at the top of the 
page, with the minutes placed at the top of the column, and the ſeconds in the left hand margin, expreſs 

the arc whoſe Ih ſine or rangents &c. is contained in the correſpondent part of the area of the table 
under the title ſine, tangent, &c. and the degrees placed at the bottom of the page, with the minutes at 
the bottom of the column, and the ſeconds in the right hand margin, expreſs the arc whoſe ſine or 
tangent, 8c. is contained in the correſpondent part of the area of the table above the title fines, tangents, 


by &c. The degrees, minutes, and ſeconds, read off by entering the table at top and bottom, are comple- 


ments of one another; thoſe read off from the * WE leſs than, 45% and thoſe og: off from the 
bottom being greater than 45" | 146-490 


In order to reduce the table tn moderate bounds, it was thought neceſlary to place at the head of... 
each column, and immediately under the title of minutes, the index, or the index and one, two, or 
three firſt decimal figures of the logarithm, which were common to the whole or at leaſt part of the 
column, and to put the remaining figures in the area of the table beneath; by which contrivance the 
ſize of the table has been reduced to near half what it would have been if the logarithms had been 
printed at full length. It muſt however de carefully obſeryeds that the initial figures at the top of the 
column are common. to the whole column, only when the initial figures i in the next column to the right 
continue the ſame; but if they vary from the former by 4 unit, then * initial 881 at the top of the 

3 firſt 
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humbers in the column, after increaſing up to 99, Kc. decreaſe immediately to oo, &c. or, vice versd, 
after decreaſing to oo immediately increaſe to 99, & c. and, below this place, the initial figures common 


table has. been ſo arranged that there ſhall never occur. more than one ſuch change in any column, 
except in the column of fines intitled - % where two ſuch changes are found, A ſtrong full-point, 
of the ſize of _ thoſe, printed at the end of the title Deg. at the top and bottom of evety page, may 
be. added to their books, by the curious, at the place where the change occurs, ot over the index 
preceding the initial decimals at the top of the ſame column, or in both places, either with a pen or a 
printer's type and ink, which will facilitate the uſe of the table; but without that, by only taking a 
little care, the Ema may be 24 pee out without any danger of. miſtake, 
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1 0 bad the logritimic Sine, Co-Sine, + ach or nfm, of: any given — | 


intitled ſine, coeſine, tangent. or co-tangent, which, ever you want, and with the minute at the head of 
one of the columns, and with the ſeconds in the left hand margin: even with the ſecorids, undet the 
given minute, you will find the four of more laſt figures of the logarithmic fine, co-ſine, tangent, or 
co-tangent, under its reſpective title. But if the given arc be greater than 455, enter the table with the 
degree at the bottom of the page, in the proper department of ſine, co-ſine, tangent,” or co-tangent, and 
with the minute at the bottom of one of the columns, and with the ſeconds in the right hand margin; 
even with the ſeconds, ovet the given minute, you will find the four or more laſt figures of the logarithmic 
fine, tangent, co-ine, « or co-tangent, above its reſpective title. In either caſe you will find the index, or 


decreaſe. immediately to oo or, vice versdy after decreaſing to oo Nec. immediately inereaſe to 99, &c. 
and then you are to take the index, or index and initial decimals, from the head of the next column to 
the right... Prefix the initial figures thus found to. thoſe taken out of the area of FRE table, and Fi 
logarithmic ſine, co-ſine, tangents. or co· tangent, Will be complete. Tha 

_ Otherwiſe; if the numbers of the column of. given minutes do not any where Weta up tog 995 cc. 
and decreaſe immediately to oo, Ke. or do not any where decreaſe to oo, Kc. and increaſe immediately to 


take and prefix the initial bgures from the top of the column: : but if the given ſeconds. indicate the laſt 
| 1 A 4 the decimal as * a ſuch E of „ take and NO the initial e from the head 


il column are common. only to ſo much oY: the colamn as \ redches from the top to the place where the 


| tothe reſt of. the column are thoſe which ſtand at the head of the next column to the right. The 


I: E the given arc be 8 45%. entet the table, with the degtee at top of the page, in the department 


index with initial figures of the decimal, at the top of the column of minutes; except the initial figures 
vary by unity at the head of the next column to the right, and at the ſame time the number found in 
the area of the table falls below the place where the numbers of the column, after iricreaſing to 99, 8&c. 


999 Ne, or if the. given ſeconds indicate' the laſt figures of the decimal as lying above ſuch place of change, 
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of the next column to the right which.in facial will hwy Uſe unity fror thoſe ut the bead * 5 
* given column of minutes. 1 { N586 483 | $1863 5 Fri! 185 1 10 N In 25 AT vs i: N 1155 955 ** 2 

| Exanple 1. The logarithmic fire of: 15 25" -is lade, Gs ee: bit Age ef eic mr. taken 
ee, head of the column intitled 35, and the four laſt in the tame col umm in the area of the tdble 
even with 25%. Example 2. The logarithmic fine of 22 37' 4%is 9. 3849887, the four frſt figures of Which 
are taken from the head-of the column intitled 37', and the four laſt 3 in the ſame column in the area bf 
the table even with 4”. Here the initial figures change by unity, viz „from 9.584 in this cu co 
9.58 in he next column to the right; but the line of 4 being above the place where the change ei the 
numbers happens from increaſing to decreaſing, the initial gore. are ſtill to be taken from the ea of 
given minutes. Example 3. The logarithmic ſine of 22” 37 12” is 9. 5850291, whereof the rere - oof | 
are taken from the area of the table in the column intitled 37” and even with 12”; but becauſe the 
initial figures vary by unity from 9. 584 in this column to 9. 385 in the next to the right, and at the ſame 
time the line of 120 falls below the place where the change of the numbers in the column happens from 
increaſing to decreaſing, the initial figures 9.585- are taken from the head of the next cou, te the 
_ right, viz. that of 38“. nen logarithmic co- ſine of -32% 5 5" 100 ig 9.9 g- en 
logarithmic fine of 67 39 40 is 9. 96611924 1 Example 6. The logarithmie fine of 67 37 30“ is 9. 9660066. 

Example 7. The logarithmic ſine of 67". 37',20''-i:9,9639979-: Example 8. The logarithmic co-tangent of 
$3" 23'.20” is 9.8709692. | Example 9. The logarithmic. co-tangent of 5% 23' 30" is 9-87n0138 1,5 1 4 | 

If the given arc has decimals of a ſecond, or a vulgar fraction of a ſecond annexed to it; andthe utoſt * 
actneſs be required in the calculation, take the difference of the logarithms of the nett leſs and next greater - 
arcs, and multiply it by the vulgar or decimal fraction; - the product added to the logarithmic ſine or tan- 
gent or co-ar. of co-ſine, or ſubtraẽted from the logarithmie c6-ſine, c6-tanigenity or co-ar: of ins of the 
next leſs arc, will give the logarithmic ſine, tangent, co-ar. of co-fine, co- ine, 'co-tangent, or eo- r. of firie, 
of the given arc. Example r. The logarithmic\ſine of 22" 35” 25", 4736.9: 5844880 + 51 x 347/=« gu5644880 
+ 24 = 9. 5844904, where 51 is the difference of the logarithmic ſines of 22 35 255 and 22 377 20 che 
next leſs and next greatet arcs. Ex 2: The logarithmic co-tangent of 85% 5 12 5632 is 8. i 
238 X, 632 8. 9503112 — 25 8. 9502962, where 238 is the difference of the logarithmie eo-tangents 


of 84 54/ 12" and 84 54 13", "Example g. The gat mi enen u 1 8.1% eb. 78257 „ 
| NA 2 


349 * 53. 7827731 + 128 = = 8. 78278569. 7 Example +. "The co- ar. of log. co- ine of 41 T4 80 
is = co- ar · of log. co-ſine of 415 2600 37. x 19 0% 830 + 7,= 0. 1330389. The pe 
part of the difference for the fraction of, a ſecond may alſabe applied always additively, as. well is = 
| caſe of a logaxithmic, ſine, tangent or ragt of co-ſinq Which increaſe with the arts, as of alpga- 

rithmic co- ine, co-tangent, or coat of hing: which. decreaſe. ps the arcs increaſe ; by adding thepradutt 5 


of the difference multiplied by the 9. 5 75 a ſeco ond in Ade elt Cafe to the log. ſinez? tangett, or car. 
of corſine of next leſs arc ; and by acding - * of 55 difference kay by ns * 
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of the edlen of s fecondto unity, in the ſecond caſe, tothe log. e co-tahgent, or co- ar. of fine 
of the next greater arc. The firſt or more ſimple caſe has been illuſtrated by ſome of the examples above; 
The following examples will illuſtrate che latter caſe. - Example 1. The logarithmic co-tangent of 
8% 5% 1 5632 is log. co-tangent of 84% 54 13“ ＋ 238 „ 1 $632. = g. 9502874 + 238 x ,368 
=. 980 + 88 == ggg, the ſame as found above by the other or common method. Example 2. 


2 e cor. of log. mee 4" 557 is = co-ar. IR eee eee, 


= . 26637. G 2 Wen 


-- Hitherto the given arc has been ſuppoſed t to be less that 90˙5 he if * be 8 2 nen go* ane 
18075 take its ſupplement to 180˙3 if between 180 and 270%, diminiſh it by 180';/ if between 270* and 360%, 
take its complement to 360; and take the logatithmic ſines and tangents as before. Otherwiſe, for log. ſine 

or tangent of an are between go? and 180%, or 270* and 3607 take out log. co-fine or log; co-tangent of 
exceſs of arc above go or 270˙ for log. co-line or log. co- tangent of an arc above go* or 270 take out log. 
fine or log. tangent of exceſs of arc above go* or 250. But for the log. ſine and log. tangent, &cc. of an 
arc between 180% and 250 take the log. ſine and log. tangent, 8c. of the exceſs of the arc above 180. 
Thus the log ſine of log. tangent of 126* 2 $6” or 300 27" 36“ is to be taken as the log: co-ſine or log. 
co-tangent of 30˙ 27 360, and the log. co-ſine or log. co-tangent of 120 27" 36” or 300” 27 360% as log, 
fine or log. tangent of 30˙ 27 36% and the log. fine, co-ſine, tangent, or co-tangent, of 220. 18 14” is 
to be taken as the log.. fine; co-ſine, tangent, or gn, Na 4a 18 ths 2 e * the 
n of taking the complement of the are. ' s 
I the ſucceflive differences of the logarithmic 45 aud e &c. in the table are Ls. or 
8 rather if the ſecond difference exceeds three or fout uhits, the logatithm cannot be had trũe to the 
neareſt unit without allowing an equation of ſecond difference, and ſometimes third differences, cc. 
This happens to the logarithmic fines and tangents. of arcs undet 200, or of co-ſines and co=tangerits of 
arcs aboye 897 40% or within 20“ of go. In this caſe, the following rules will determine thetn accurately 
and readily without the trouble of equations of differences of various orders. To the logarithm of the 
| arc reduced into ſeconds with the decimal annexed, add the conſtant quantity 4. 6855749, and from 
the ſum ſubtract one-third of the wrirhmetical n * che lag do- ſine, the * will be the 
ee EOS . 8 

The rule to find the tangent of a ſmall arc is ; this: To the . ks 4:68; 5 $749 add the 

logarithm: of the "given arc reduced into ſeconds with the decimals annexed, and two-thirds of the 
arithmetical complement of the log. ce-ſine; the ſunt is the tangent of the given arc. The ſame ſub- 
eee wil give the co-tangent᷑ of the lame are, or the tangent of an ate greater than 8g* 40%. 


% 


' The tangent of fach un arc greater than 89*46" o” "may be" alſo ' found directly, by ſubttafting the ſum i 


of the logarithm of the feconds contained in 1 of the arc to 90% and Inns of the 
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the ſeventh place, and to 2*4 without producing an error of more than 3 of a unit, at 4 the error is only | 


To find the Arc veel to a given eee Sin, cdu, Tan . or. crush. 


Example 1. The logs ſme of 10 1 624 or 612“ b ee + log. of l 
log. co- ſine ro- 12" a= 44,685 5749-+ 2-787 1940—- 625-74 4727683. - Example 2. The leg tangent of the ſame 
arc is 4. 6855749 + 2. 7871940 + 19 ='7. 4721 7025 Example 3. The leg. co-tangent of the ſame are is * 20 
— 7. 472770 = 12. 5272298. Otherwiſe the log, tangent of 89˙ 49 4% 376 which wants 100 12% 624 of 
go" is = 15. 3144251 — log. 6125624 — f co-ar. co-ſine 10 55 * 15. 34 — eee =, 
12. 5272305, the ſame as hy the other method. -' . '- 37 514744450 

For greater exactneſs regard may be had to the eighth W a of the Te of the. ſeconds in the 
arc, in finding the proportional part, and alſo in finding one third or two thirds of the arithmetical comple- 
ment of the log, co- ſine, and then the conſtant logarithm to eight places to be uſed will be 4+ 68557487» 
which is the arithmetical complement, of the logarithm of 206264, 806 the number of ſeconds in an are 
equal to the radius of a circle; finally reje& the eighth decimal figure, only if it exceeds five, increaſe 
the ſeventh decimal figure by unity. Example: The log. ſine of 8' % 426 or 497 742 18 4 68 557487 
+ 2. 69672848 — 43 = 7+ 38230292, or rejeRing the laſt figure = 5. 382 3029. Theſe rules for computing 
the ſines and tangents of ſmall arcs extend to 20 without producing an error of more than + of a unit in 


? 


25 3 and i is always 1 in defect, and for all leſs arcs ſenſibiy proportional. to the fourth power of the arc or 
even its ſine. 


of > 


18 n 


Although theſe tables exhibit ous the W fig of the lines, co-ſines,. tangents, and co-tangents, 
yet we may by them find the logarithms of the ſecants, co-ſecants, ver ſed-ſines, and co-verſed-ſines, | 

To.the complement arithmetical of the log. co-ſine or fine add 10. 0000000, and you will have the log. 
fecant or co-ſecant. To double the log. ſine of half the arc add o. 3920300 and reject 10. 95900000 from 
the ſum, and you will have the logarithm o of the yerſed-ſine. To double the log. ſine of 8 comple- 


ment of the are add o. 3910300, reject 10. 0000000 from the ſum, and you will have. the logatithmof the | 
co-verſed-ſine. it 
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Is a logariahimic Goes or co-ſine be given, enter the table. on. the left hank pages.” 10 it a 1 
tangent or co-tangent be given, enter the table on the right hand page; ſeek in ſome column, having 
the given index, or index and initial figures at top, the remaining figures, but above the place « of ſudden 
change of the ſeries of numbers as to increaſe or decreaſe, if ſuch change occurs; and if you cannot find 
them ſo circumſtanced, go, to the next column to the left, where the initial figures at top vary by unity, 
and you will find them below the r of change in that F Then if the title of ine, co- ſine, &c. 
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Fines 8 [ 29 ] 
which ener be\concerded, | {tinds at the top of the pages the degrees will be'lſo found at the top of the 
pages the münntes at the top of the column where the final figures were foumd, and the ſeconds even with 
the fiſlal figures in the left hand margin; but if the title of Tine, -co-fine, Nc: ſtands at the bottom of the 
page, the degree will alſo be found at the bottom of the page, the minutes at the bottom of the column in 
which the final figures were found, and the ſeconds even with the final figures in the right hand margin. 
Otherwiſe ſeek for the final figures between the two places in the area of the table where the changes 
happen in two diſtinck celumns, one being immediately to the left of the firſt column which has the given 
= figures at its head, the other being the laſt to the right which has the given initial figures at its 
. - Example 1. The arc is required whoſe log. fine is 9. 5844880. Tenter the table on the left hatid 
1 ani fihd the initial figures 9. 584 at top of the ſeveral columns and the remaining figures, 4880 
underneath in one of theſe columns; and, becauſe a log. fine was given, and the title fine ſtands at the 
top of this department which contains the given logarithm, 1 write out 22 degrees from the top of the 
department, 355 from the head of the column where the final figures were found, and 2 5 from the left 
hand margin even with the final figures. "Therefore 22 25" 25" is the arc required. There was no 
change of the initial figures in the columns of minutes in this example, as there was no change of them 
from this column to the next to the right. Example 2. The arc is required whoſe log. ſine is g- «5849887? 
I find, on the left hand page, in A column having the initial figures 9. 584 at top, the remaining figures 
9887 beneath, but above the place of ſudden change of the ſeries of numbers as to increaſing or decreaſing. 
And as a log. fine was given, and the title fine ſtands at the top of the page, I take 22* from the top of 
the page, 37 from the top of the column where the final , were found and 4” from the left hand 
margin ſtanding even with the final figures. Therefore 22 37 4 is the arc required. Example 3. The 
arxę 18 required whoſe log, ſive is 9. 38 50291 . 1 ſeek on che left hand page in the columns having the 
initial figures 9. 585 at top for the final figures 0291 but cannot find them, except in the laſt column 
to the right hand ſq intitled, and there below the place of change; therefore I go to the firſt 
column to the left of all theſe having 9. 585 at their head till I come to that which varies from them by 
unity and intitled 9. 584, and here I find the given final figures 0291, but below the place of change, as it 
ought, to be. And, becauſe the title ſine is found at top, I take out 22* from the top, 37 from the head 
of the colymn where the final Auge were found, and 12“ from the left hand margin even with the final 
figures. . Therefore * 37 12“ is the arc required, Example 4 What is the arc whoſe log. co-ſine is 
9:9239873? Seeking in the, columns belonging to the fines and co-ſines under the head 9. 923 I can no 
2688 find the final figures 9873 except in one column below the place of change.; therefore I go to the 
ö firſt column to the left, whoſe.initial figures vary from theſe by unity, that is to ſay, whoſe initial figures 
are 9: 924, and I find the given foal figures 9873 below the place ef change, as it ought to be. And 
becauſe x a log. co-ſine was given, and the title co ſine ſtands at the top ob this department, I take out the 
F degree, from the top: viz. 32% and 36 from the head of the cotaian in which the final figures were found, 
and 19 : the Jobs hand n e n Therefore the . e 
* YE . | : RS IS, g OT 5 An. | 
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Example 5. What is the arc whoſe log. ſine is 9.9661192 ? 1 find, on the left hand page, in the cdlumn 
having 9. 966 at the head, the final figures 1192 beneath. And as the title ſine ſtands at the bottom of 
the department, I take out 67% at bottom, 30 from the bottom of the column containing the final figures, 
and 40“ from the right hand margin even with the final figures. Therefore the arc required is 
67 39 40%. Example 6. What is the arc whoſe log. fine is 9. 96600667 1 find on the left hand 


page, in one of the columns having 9. 966 at top, the remaining figures 0066 beneath, but above 
the place of change; therefore the arc required is 67, ſtanding at the bottom by the ſide of the title 
ſine, with 37 ſtanding at the bottom of the column containing the final figures, and 30“ ſtanding in the 
right hand margin even with the final figures. Example 7. What is the arc whoſe log. fine is 9. 9659979 ? 
I cannot find on the left hand page the final figures 9979 in any column having 9.965 at the head, and 
above the place of change; therefore I go to the firſt column to the left hand of theſe whoſe initial figures 
at top vary from theſe by unity, viz. to that intitled 9. 966 in which I find the final figures 9979 below 
the place of change, as it ought to be; and, as the title ſine ſtands at the bottom of the page, I look 
there for the degree 67*, and alſo for 37 at the bottom of the column containing the final figures, and 
o” in the right hand margin even with the final figures. Therefore the arc required is 67 37” 20 
Pan 8. What is the arc.whoſe log. co-tangent is_9.8709692? I find on the right hand page in a 
column having 9. 870 at the head, the remaining figures 9692, which are above the place of change; and 
as the title co-tangent ſtands at the bottom of the page, I take out the degree at the bottom by the ſide of 
the title, Viz. 53˙] the minutes at the bottom of the column containing the final figures,. VIZ. 23“; and the 5 
ſeconds j in the right hand margin even with the final figures, viz. 20”, Example 9. What is the arc whoſe | 
logarithmic co-tangent is 9.8710132? I ſeek in the right hand page in the columns having 9. 871 at the . 
head for the remaining figures ol ga, but cannot find them except in one column below the place of change; 3 | 
therefore I go to the firſt column to the left whoſe initial figures vary from theſe by unity, viz. 9.870 and | 
there I find the given final figures o1 32, below the place of change as it ought to be. And as the. title 


co-tangent ſtands at the bottom of the page, I take out 5 at the bottom by the fide of the title, and 2 3 
from the bottom of the column of the final figures, and 10 
final figures. | 


from me right hand margin even \ with the 


If the given logarithm is not to be found in the table, make uſe of that which approaches neareſt to it 
over or under, and find its correſpondent arc, which will be the required arc true to half a ſecond. But 
if you want the'arc more accurately, or as accurately as the tables are capable of giving it, take the 
difference of the joe Mt ant and the next wo 1 the fame kind! in the ap, if the given logarithm 


in the table, if the FR gelation be a co-ſine or co-tangent 3 ; that 3 is, take the difference between the 
given logarithm and that logarithm of the two of the ſame kind in the table, one greater and the other | 
leſs than the given logarithm, which lies neareſt to the given title of fine, or coſine, &c. at the top or | 
bottom of the page, for the numerator of a fraction; and take the difference of the two logarithms i in 
one of which is next leſs and che other next bn ler for 9 We 


*. nator 


h 21 1 
8022 


nator s and you WI have the eaten of a a Tecond to be added to the arc anſwering. to that 
logarithm of the two in the table, one leſs and the other greater than the given logarithm, which is neareſt 
to the given title. This vulgar fraction of a ſecond may be converted into a decimal, if required, by 
dividing” the numerator by the denominator. Example 1. What is the arc whoſe logarithmic ſige is 
A 5844896? 1 look among the. ſines and find 9. 5844880 the next leſs, and 9. 58449 31 the next greater 
ſine i in the table; I take the difference between 9. 5844880 which lies neareſt to, the title, of ſine at the 
top < of the page, and 9. 5844896 the given logarithm, which is 165 for the numerator of the fraction. 


Tate e take the difference of the two logarithms in the table, which i is 51, for the denominator of the 


rae jon. The are anſwering 1 — log; fine g. 5844880, that neareſt. ta the title, is 24%. 35 25/3 therefore 
the arc required is 22* 35' 25" 5 = 22" 35 25" 313s &. Example 2. What is the arc whoſe: log. co- 
tangent is. 9. 8710096? I "ths e the co-tangents and find the next greater and next leſs co-tangents 

to be 9. 8710132 and. 9. 8710088. I take the difference between the firſt 9+87101324- Which lies neareſt 


to the title co=tangent and g. 8710096 the given co-tangent, which is 36 for the numerator of a fraction. 


| L alſo. take the difference of the two logarithms in the table, which is 44 for the denominator of the 


freftion-/ Thetefols'the frastion is L, and as the de endeten : to me log deten 9. 8710132, Which 
is neareſt to the title, is 17e ate requtted 10 524 1671 — = 535 23 100 ' S= 537 23“ 10”, $18, cc. 


LI 


10 Hitherto 1 the required a arc : has Be ſuppoſed to be Under 5 903 j 1 if i it mould be greater, find the arc 

as befôre, viz. leſs than 900; and if the required arc ſhould be between 9o* and 180, take the ſupplement 
of the arc found to 180" ; if between 180® and 270? take the fum of 180* and the arc found ; if between 
525 and 360 take the conipletrient of the arc found to 360',. and you will have the required are. Other- 
wife, if the required arc ſhould be betweeti go? and 180%, or between 270* and 360", to avoid the trouble 
i braking the ſupplement of the reſult to 180 or the complement of the reſult to 3600, conſider the log. 
fine or tangent of an are as the 108. co-fine or log co- tangent of anpther arc; and conſider the log. co-ſine 


\ 


bt 10g. C- tangent o of an arc as the log. fine or log. tangent of another arc, which being found in the tables 


"accordingly; and added to 90⁵ or 270", will give the arc required. Thus an arc between 180” and 270" is = 
180” + arc found anſwering | to a given log. fine, co-fine, tangent, or co-tangent : and an arc between goꝰ and 
185 , or 2 2705 and 360 = 90 or 270? + arc whoſe log. co-fine = given log: fine 3. or whoſe log. fine = given 
tog. co-line, or whoſe log. co-tangent = given. log. tangent, or whoſe log. tangent == given log; co-tangent. 
"If the ſucceflive differences of the logarithmic ſines and tangents, cc. in the table are irregular, or 


kack iR the Tecond difference exceeds three or four units, the are cannot be had true to * utmoſt 


at n 1 
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is this: To the given logarithmic ſine of a ſmall arc add the conſtant logarithm 5. 3144251, and I of co-ur. 
of log. co- ſine; and ſubtra& 10 from the index of the ſum, and you will have the logarithm of the number 
of ſeconds with the decimal fraction of the given arc. The rule to find the arc from the tangent is this: 
To the log. tangent of a ſmall arc add the conſtant logarithm 5. 3144251, and from the ſum ſubtract 3 of 
co-ar of log. co-ſine, and ſubtract 10 from the index, and you will have the logarithm of the number of 
ſeconds with the decimal fraction of the given arc. If the co-tangent of an arc under 20', or tangent of 
an arc above 89* 4o' were given, take the complement of the co-tangent of the ſmall arc or of the tangent 
of the large arc to 20. oo, 8&c. and you will have the tangent of a ſmall arc under 20'; from which find 
the arc as before, which will be that whoſe co-tangent was given; or its complement to go* will be that 
whoſe tangent was given. The log. co-ſine of an arc above 89* 40 being = log. ſine of an arc under 200 
conſider it as a log. fine, and find the arc by the rule given above; its complement: to:9o0 will be the arc 
required. The log. co-tangent of an arc above 89 40 being = log. tangent of an arc under 20', find this 
ſmall arc by the rule above: its complement to go? will be the arc required. Example 1. What is the arc 
whoſe log. ſine is = 7. 4727683? Anſwer: 7.4727683 + 5. 3144251 + 0. 0000006 — 10, oo, &c. = 
2.7871940 the logarithm. of the required arc, which is therefore = 612”, 624 = 10" 12% 624. Example 2+ 
What is the arc whoſe log. tangent is 7. 5228031? Anſwer 7. 5228031 + 5. 3144251 — o. 0000016 — 10. 00g 
8c. = 2.8372266, the logarithm of the required arc; which is therefore = 687”, 427 = 11' 27% 427. 
Example 3. What is the arc, greater than 89˙ 40, whole log. co- ſine is 7. 4727683? This logarithm will be 
the ſine of a ſmall arc under 20% which has been found in example 1 = 10“ 12”, 624. Therefore its com- 
plement or 89* 49 47 , 376 is the arc required. Example 4. What is the arc, leſs than 200% whoſe log. co- 
tangent = 12. 4771969? Anſwer: The complement of 12. 4771969 to 20. oo, c. = 7. 5228031 is the 
tangent of a ſmall arc under 200, which has been found in example 2. = 11' 27”, 427. Example g. What 
is the arc greater than 89* 40“ whoſe tangent = 12. 4771969. Anſwer : The complement of 12. 4771969 
to 20. 00, &c. = 7. 5228031 the tangent of an arc under 20 which has been found in example 2. = 
_ 11' 27”, 427; its complement to 90 = 89* 48” 32”, 573 is the arc required. Example 6. What is the arc, 
greater than 89* 40', whole log. co-tangent = 7. 5228031, Anſwer: 7. 5228031 is the tangent. of an arc 
under 20', which has been found in example 2.= 11" 27,427 3 its enten to 90; == 8g) 480 32" 573 
is the arc required. 


If the logarithmic ſecant or co- ſecant were given, to find the arc by theſs PI ſubtraRt 10 from the zen; 
the complement of the remainder is the log. co- ſine or fine of the arc. If the logarithmic verſed-ſine or 
co-verſed-ſine were given to find the arc; add g. 6989700 to the log. yerſed-ſine, half the ſum will be the 
log. ſine of half the arc. Add g. eres to e be come half the ſum will be the the: ſine ** 
half the complement of the arc. en TT F 04s 10 3 

It may be proper to remark here that the radius of the e is unity, db the ſines, a this. 
gents, &c. are reckoned in decimal parts of the fame. The ſines und co-ſines are leſs than the radius, and 
ſo are the tangents of arcs under 45%; their numerical values are then fractions, properly ſpeaking, and ts 
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charaReriſtics of their logarithms ſhould be negative; and the logarithm of the radius ſhould be nothing. 
But the tangents of arcs greater than 45, and the ſecants and co-ſecants are greater than the radius, and 
conſequently their logarithms are affirmative, To put the logarithms in the table under a form wholly 
poſitive, 10 has been borrowed or added to all the characteriſtics, and the logarithm of the radius has 
been made 10. But we muſt remember at the end of any addition, to repay the ten or tens borrowed in 
the place of the index, by ſubtracting as many tens from the index of the reſult as there were logarithms 
of ſines, co- ſines, c. which entered into the calculation, if the reſult be the logarithm of a number; 
and if ſo many tens cannot be ſubtracted, to ſubtract a number of tens leſs by one than the number of the 
log. fines, &c. which entered the calculation, and the reſult will be the logarithm of a decimal fraction: but 
if the reſult be a log. ſine, co- ſine, tangent, 8c. the number of tens ſubtracted from the index mult be leſs 
by one than the number of log. fines, co-ſines, &c. which entered the calculation; except, however, that 
no diminution 1s to be made to the index, on account of the arithmetical complement of a log. ſine or log. 
co-ſine, that may enter the calculation, which. is a proper and affirmative logarithm. 


3 


Of te ADDITION of LOGARITHMS. 


11 F the logarithms are all affirmative, or all negative, add them together in the ſame manner as other 
decimal numbers, and prefix the c common ſign to the ſum. Thus = 2. 47712133 =1, 77815133 3 = 40791812 
= =8. 3344538. | 

2. If the logarithms are ſome affirmative and ſome negative, take the difference between the ſums of 
the affirmative and negative, and prefix the ſign of the greater. Thus + 3: 6989700 ; 3 — 7 6532125; 
+ 2. 47712133 — 4+ 5686362 = 12. 2218487 + 6. 1760913 = 6. 0457574 | 

3. If the indices only of the logarithms are all negative: add the affirmative parts of the logarithms 
together; the ſum of the indices, diminiſhed by what is carried from the affirmative parts, if any, will 
be a negative index. Thus 1. 6989700; 2. 9542425 Py 8239087 F. 4771212. | 

4. If the indices have different ſigns, the decimal parts being all affirmative :. add the affirmative parts 
of the logarithms together, and what is carried (if any) add to the affirmative indices; then the difference 
of the affirmative and negative indices, with the ſign of the greater, will be the index of the ſum of the 
logarithms. Thus the ſum of 3: 6989700 7. 346787 5; 1.471213 F. 4313638 7. 9542426. 

5. If ſome of the logarithms are negative, or ſome have the index only negative, the ſum of the loga- 
rithms may be alſo found thus: ſubſtitute for the negative logarithm its arithmetical complement ; or for 
the negative index, where that only is negative, ſubſtitute its arithmetical complement ; and add the loga- 
rithms thus transformed to the affirmative logarithms, and from the ſum ſubtra& as many tens in the 
place of the index, as arithmetical complements were taken, if poſſible, and you will have the proper loga- 
ritbmie ſum j but if the index of the ſum immediately. found hy, leſs than ſo mung tens as haye been 
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directed to be ſubtracted, ſubtract one ten leſs, that is ſubtract ſo many tens as FO ROI complements 
were taken, wanting one; the remainder will be the logarithm of the ſum, which will be a decimal 
fraction, whoſe firſt ſignificant figure will be ſo many places to the right of unity as the index wants of 10. 
Thus the ſum of 3» 6989700; 7. 3467875; 0 4771213; —4. 5686362 ; = 3. 69389700 J 3. 3467875 + 
1. 4771213 + 5-431 3038 —20 =13. 9542426 — 203 or becauſe 20 the index to be ſubtracted is greater than 


13 the index of the ſum, ſubtract 10 leſs, and the ſum will be 3. 9542426, the logarithm of the decimal 


fraction ,0000009000002, whoſe firſt ſignificant figure lies ro— 3 ſeven POO of * to the 7 
of, or below, the place of units. | 


— 


SUBTRACTION f LOGARITHMS. 17:2 %% N 
f. V HEN the logarithms are both affirmative, or. both negative, or i one Almedde gh: the 
other negative, change the ſign of the ſubtrahend, then proceed as in addition, 


2. When only the indices are both or either of them negative, ſubtra& the affirmative part of the 
ſubtrahend from that of the minuend, as uſual ; 


the index of the ſubtrahend, then change its ſign, and do as in addition, 
Thus 3.1549020 ſubtracted from 7. 9788 105 leaves the remainder 7.8239087; 3. 6989700 fabtradtedf from 


1. 6532125 leaves 2. 9542425; 4. 6989700 ſubtracted from i leaves 7 7. 52289757 1. 9542425 


ſubtracted from 6. 6532125 leaves 9. 6989700. 
3- Otherwiſe, make uſe of this one rule comprehending both caſes. If the minuend and ſubtrahend are 
both affirmative logarithms, take the latter from the former, borrowing 10, if neceſſary; remembering; 


that if 10 was borrowed the remainder will be the logarithm of a decimal fraction. But if one or both 
logarithms are negative, or have the index only negative, ſubſtitute for the negative logarithm its 


arithmetical complement ; or for the negative index, if that only was negative, ſubſtitute its arithmetical 
complement ; and further, if the index of one of the logarithms was poſitive, increaſe it by 10% Now 
take the ſubtrahend from the minuend, both being thus altered, borrowing 10, if neceſſary; un 
ing that if 10 was borrowed, the remainder will be the logarithm of a decimal fraction. 725 


Thus 1. 9542425 taken from 5. 1303338 leaves 3. 1760913. 4. 2867431 taken from 2co6g3564 leaves - 


7. 8776133 the logarithm of a decimal fraction, becauſe 10 Was borrowed to make the ſuhtraction. To 
ſubtract — 3. 1760913 from — 6. 0211893) take their arithmetical complements 6, 8239087 and 3. 9788 10%, 
and ſubtract the firſt from the ſecond, the remainder is 7. 1549020, the logarithm of a decimal fraction, 


becauſe 10 was borrowed, To ſubtra&t 3. 1760913 from 7+ 9788107, take the arithmetical complement 


of the firſt, and the arithmetical complement of the index of the ſecond, and affix the decimal” part of” 
the logarithm to it, and you will have 6. 8239087 and 3. 9788107, the firſt of which ſubtracted from 


ou ſecond leaves 7.1 549020, the logarithm of a decimal fraction, becauſe 10 was borrowed. · TO 
| 5 ſubtract 
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ſubtract 3. 1549020 from 7. 9788107. The arithmetical complements of the indices being taken, and ſub- 


ſtituted in their place, give the logarithms 7. 1 549020 and 3. 9788107, the firſt of which taken from the 
ſecond leaves 6. 8239087, the logarithm, of a decimal fraction becauſe 10 was borrowed. To ſubtract 
3. 0457575 from 6. 5228788 ; ſubſtitute for the index — 3 its arithmetical- complement, and add 10 to the 
index of the other logarithm, and we ſhall have 7. 0457575 and 16. 5228788, the firſt of which taken from 
the ſecond leaves 3. 4771213. To ſubtract 4. 6989700 from 2. 2218487; take the arithmetical complement 
of the negative index, and add 10 to the index of the other logarithm, and we ſhall have 14: 6989700 and 


8. 2218487, the firſt of which taken from the ſecond leaves 3. 5228787, the logarithm of a decimal fraction, 
becauſe 10 was borrowed to make the ſubtraction. 


MULTIPLICATION and DIVISIONof LOGARITHMS. 
I. I F the logarithm, which is to be multiplied or divided, is wholly affirmative or negative, multiply or 
divide it by the given number, and prefix the ſign of the given logarithm to the product or quotient. 
Thus the logarithm ＋ 2. 3010300 multiplicd by 4 gives the product . 9. 2041200. The logarithm 
— 2. 7781512 multiplied by 3 gives the product — 8. 33445 36. The logarithm 9. 2041200 divided by 4 


gives the quotient +' 2. 1 The ue — 8. 3344536 n by 3 gives the quotient — 
; 27781513. l 


2. If the index of the W which is to be tied, is negative, Its decimal part being affirmative, 
and the multiplicator be a whole number, multiply the decimal part of the logarithm by the multiplicator, 
and ſubtract what is carried over to the place of units from the product of the negative index by the 
multiplicator, the 2 — will be the negative index of the — to which affix the decimal part of 
the product. 


To divide a logarithm in the 4 8 * any dd ROBES if the negative 1 contains 


or meaſures the given number or diviſor an exact number of times, divide the negative index by the 


given diviſor for a, new negative index, and the decimal part of the logarithm by the ſame for a new 
decimal part. But if the negative index does not meaſure or contain the given diviſor an exact number of 


times, increaſe the negative index by the leaſt number that will make the index a multiple of the diviſor, 


and prefix the ſame number to the decimal part of the index, and divide the increaſed index by the 


diviſer for a new _— n and the increaſed n part be the ſame viſor for a new decimal 


1 4 « "I | £3 W + {as | I'S 241 emo, s Sx —— 


Otherwiſe lena or divide the 1 the un ithm, "which wil be tive, by the 


given multiplicator or diviſor ; ; the complement A the Product or rep will be the es * 
tient * 3 


| * 0 ars A 3,5. a 1,” 0 « 8 5 * 
r : 


28 FI as 


20 
-. 4 1 . | . 4 : k ” - 
— 1 'S 2 
0 ; v $: » 4 
” N. H ' Cy 
83 1 7 112995 | bt SEP Sov | | | p us 
* # * oa * .F A 4 y \ i - : . v # Y 
N * I. „ ; - * 
— " , - 
: * pe 
4 = 


A 


: 


[ 26 
Thus the orbit of the logarithm 2. 6989700 by 5 is = 7. 9098865 the quotient of 9. . 
divided by 3 is = 3. 3010324. The quotient of 5. 79 58828 divided by 4 is = 2. 9489707. Or the comple- 


ment of the ſame logarithm 5. 7958828 is 4. 2041172 which divided by 4 gives 1. 05102939 when comple- 


ment is 2. 9489707, the ſame as found before by the other method, 


Otherwiſe: To multiply the logarithm of a decimal fraction by any whole nuke let the load 
be put under an affirmative form, by adding 10 to the negative index, and multiply it by the given 
number, and diminiſh the index by the product of the number leſſened by unity multiplied into 10, and 
you will have the required product under a poſitive form, with 10 borrowed to the index. And to divide 
the logarithm of a decimal fraction by a whole number, let the logarithm be put under an affirmative 
form, by adding the product of 10 by the given diviſor, and dividing the ſum by the diviſor, you will 
have the required quotient, under a poſitive form, with 10 borrowed to the index. 

Thus to multiply the logarithm 2. 6989700 by 5, adding 10 to the negative index, the logarithm becomes 
8. 6989700, which multiplied by 5 gives 43. 4948 500, from which ſubtracting 40= the product of 10 into 4 
(the given multiplicator leſſened by unity) leaves 3. 4948 500, the logarithm required, with 10 borrowed to 


the index. To ue the logarithm 7. 4948 500 by 5; adding 50 (the product of 10 by the given diviſor 5) 


to the negative index 7, the logarithm becomes 43. 4948500, which divided by 5 gives 8. 099709) the 
required quotient under a poſitive form, with 10 borrowed to the index. 


3. If the multiplicator of the logarithm is a fraction, either proper or improper (as =), the index of the 


logarithm being negative, and the decimal part affirmative, as before; add the denominator (n) or ſome - 
multiple of it (p n) to the negative index of the logarithm ( r), ſo as to make the ſum (n 1 or pn—r) 
either o or a poſitive number, and affix the decimal part of the logarithm to it, and multiply the Whole 


by the given fraction, and from the index of the product ſubtra& the numerator of the fraction, or 
the numerator multiplied into the number by which the denominator was multiplied before (m or p m 


and you will have the product required. To divide a logarithm by a fraction is the ſame thing as to 


multiply it by the reciprocal of that fraction, which is produced by changing the numerator and denomi- 


nator for one another, and therefore requires no particular directions. Example 1. To multiply the loga- 
rithm 1.9175502 by =? The denominator 2 added to the negative index 1 1 makes the logarithm become : 


1.917 p 502, which multiplied by the fraction ＋ gives 2. 8763253, from which ſubtracting the numerator 5 
3 the reſult is T. 87632 5g, the product required. Example 2. To multiply the logarithm 4. 6346587 by the : 


fraction N Becauſe the denominator 3, taken abſolutely, is leſs than the negative index 45 I -mwltiply 


the denominator by 2, which makes 6, which I add to the negative index 4, and the logarithm 
will become 2. 6346587, which I multiply by the fraction 3, the product is 1. 7 564391, from which 


1 ſubtra& 4, the product of the numerator by 2 (becauſe the denomingetor was mae by 2) which £ 
leaves 3- 7564391, the product required. 


Otbirwli,/ 


1 | 
Otherwiſe, to multiply the logarithm of a decimal fraction by any vulgar fraction, proper, or improper ; 
let the logarithm be put under an affirmative form, by adding 10 to the negative index, and 
multiply it by the numerator of the fraction, and add or ſubtract the product of the difference of the 


numerator and denominator by 10, according as the fraction is proper or improper; and divide the ſum or 
difference by the denominator of the fraction, and vou will have the logarithm required in an affirmative 


| form, or with 10 borrowed to the index. Thus to find the product of the logarithm i. 876 3253 by 2 F. add 10 


to the negative index I, which puts the logatithm under a form wholly affirmative, and makes it 9. 87632533 

this multiply by-the-numerator-2, which gives 19. 7526 506, to which, becauſe the fraction is proper, add 
zo (the product of 3 the difference of the numerator and denominator, by 10), the ſum will be 49.7 526506, 
which divided by the denominator 5 gives the quotient 9. 9505301, the logarithm required under a form 


7 affirmative, in which 10 is borrowed to the index. Alſo to multiply the logarithm 1. 9 $0530 by 


2. which is an improper fraction; add 10 to the negative index 1, makes the logarithm 9. 9505 zor; 
wholly affirmative; which multiplied by the numerator 5 gives 49. 7526505, from which ſubtracting 30 
(the product of the difference of the numerator and denominator by 10) becauſe the fraction is 
improper, leaves 19. 7526506, which divided by the denominator 2 gives the quotient 9. 87632 53, the 
* . under a N form with 10 2 to the index. 


wn Rule and Problems, wherein Jome of the Uſes of Logarithms are ſhewn. 
on RI 18 PROPORTION. 


Th E anſwer will be obtained by finding a dividend compoſed of factors, which are ſome of the given 
terms; and a diviſor compoſed of fene which are the reſt of the given terms. The quotient will be 
the term required. ; 

Seek among the terms, which enter into the 3 that which is of che ſame kind wih the unknown 
term, which call the homologous term. Call thoſe terms which have a relation to the unknown term, 
its correlatives; and thoſe which have a relation to the homologous term, its correlatives. The dividend 
will be cotnpoſed of thoſe correlatives of the unknown term, which have a direct ratio to it, that is to ſay, 
which make the unknown term increaſe or decreaſe, as they | increaſe or decreaſe themſelves ; of the homo- 
logous term; and of thoſe correlatives of the homologous term, which bear an inverſe ratio to the ſame, 
that is to fays which make the homologous term decreaſe or increaſe as they themſelves increaſe or de- 
creaſe. And the diviſor will be compoſed of thoſe correlatives of the unknown term, which bear an 
inverſe ratio to it; and of thoſe correlatives of the homologous term which bear a direct ratio to it. 
This rule is ſo general as to comprehend. all caſes that come under the common rules of anne: 7 
whether dire or inverſe ; ; whether ſingle or any how compounded. | 
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Example 1. If 280/. ſerve 120 men for 32 . how much will ſerve w=_ men for 48 weeks? Antec, 
1260 J. 

The unknown term, or term ſought, is a fum of money or a number of pounds. Therefore 280 U f is 
the homologous term, whoſe correlatives are 120+men, and 32 weeks; and the correlatives of the un- 
known term are 360 men, and 48 weeks. Now the correlatives of the unknown term have both a direct 
ratio to it, for there muſt be ſo many more pounds, as there are more men to be ſupported, and as they are 
to be ſupported for a longer time. Therefore 360, 48, and 280 will be the factors of the dividend. Alſo 
the correlatives of the homologous term have both a direct ratio to it; therefore 120, and 32 will be the 


factors of the diviſor; and the quotient will give the anſwer = — — 12601. As will appear by 
adding together the logarithms of 360, 48, and 280, and the arithmetical complements of the logarithms of 


120 and 32, and ſubtracting 20, on account of the two arithmetical complements, from the ſum; which 


will give 2,5563025 + 1. 6812412 + 2. 4471580 + 7. 9208188 + 8. 4948500 — 20 = 3. 1003705 = log. of 
1260, the number of pounds required. 


Example 2. What is the intereſt of 27 50. for 292 days at 41 or cent. per annum? 
Anſwer, 991. 


If 100/. in 365 days bring an intereſt of 4, OA what intereſt will 2750 l. bring in 292 days? The unknown 
term is an intereſt, therefore the homologous term is 4, 5/. whoſe correlatives are 100/. and 365 days. 
The correlatives of the unknown term are 2750/. and 292 days, which both bear a direct ratio to 
it, becauſe the intereſt will be ſo much greater, as the ſum put to intereſt is greater, and as the 
time for which it is lent is greater. For the ſame reaſon, the correlatives of the homologous term bear 


a direct ratio to it. Therefore the term required = — = 997. By logarithms, 3. 43933269 


+ 2. 46538285 + o. 65321251 + 8. 00000000 + 7. 43779714 — 20 = I. 99563519 = log. of 99, the 
number of pounds required. 

Example 3. If 248 men, in 51 days, of 11 TEEN each, dig a trench 2324 yards long, 34 wide, and 11 
deep, in how many days, of 9 hours, will 24 men dig a trench 3371 yards long, 5+ wide, and 31 deep? 
Anſwer, 231 days. The unknown term is a number of days, the homologous term is then 31 or 5, 5 
days. The correlatives of the unknown term are 24 men; 9 hours 337» 5 5 yards; 5,6 yards; and 
355 yards, The correlatives of 5, 5 days, the homologous term, are 248 men; a1 hours; 2 32, 5 yards 3 
35 666, &c. yards; and 2, 333, &c. yards. Of the correlatives of the unknown term, the dimenſions of 
the ditch bear a direct ratio to it, becauſe the time taken to make the trench will be ſo much greater, as. 
the trench is longer, wider, and deeper: on the other hand the men, and hours bear an inverſe ratzo 
to the unknown term, becauſe the time will be ſo much leſs or greater, as more or fewer men ate employed, 
and theſe men work more hours a day. Therefore 337,53 5,6; and 3, 5 will be factors of the dividend; 
and 9, and 24 will be factors of the diviſor. Alſo the homologous term 5, 5 will, as it always is, be 2 
factor of the dividend. Now its correlatives 248 men, and x1 hours (the length of their day) bear an 
inverſe ratio to the time taken to make their trench; whilft the ee of the trench 25% 5 yards; 
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* 3» 666, &c. yards; ; _ 25 333 &c. 3 "750 a direct ratio to it. Therefore 248 and 11 will be factors 
| of the dividend, and 232, 5 yards, 3, 666, cc. yards, and 2, 33 3, &c. yards will be factors of the diviſor. 


Hence the term required = , BHS XS0 XI 6NG5 X24P909 on 231 days. By logarithms 2. 5282738 + 0.7481880 


9X 24X232,5 x 3-6X 2,3 
+ o. 5440680 + o. 7403627 + 2. 3944517 + 1. 0413927 + 9+0457575 + 8. 6197888 + 7.6335770 + 
9. 4357286 + 9+ Cana — 50 2. 36367 20 = logs of 231, the number of days required. 
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RULE far A COMBINATION e ARBITRATION of EXCHANGE. 


I F the courſe of exchange be given betwonn one place and a ſecond, between the ſecond and a third, 


between the third and a fourth, 8c. &c. and money be ſuppoſed to be remitted in a circuitous way from 


the firſt place to the laſt; the arbitration of exchange 1s the method of computing, from theſe data, the 


rate of exchange from the firſt place to the laſt; or of finding, either what quantity of money of the laſt 
place will be equivalent to a given ſum of the firſt place; or what quantity of money of the firſt place 
will be equivalent to a given ſum of the laſt place. 

1. Diſtinguiſh the given rates or prices in the circular courſe, into antecedents an conſequents ; and 
place the antecedents in one column, and conſequents in another on the right, fronting one another by 
way of equation. And, in this diſtribution into antecedents and conſequents, each conſequent muſt be 


of the ſame kind with the next antecedent, and the firſt antecedent of the ſame kind with the laſt 


conſequent, which muſt be the ſum whoſe value in exchange is required. 

2. Multiply the antecedents continually together for a diviſor, and the conſequents continually for A 
dividend z the quotient of the products will be the ſum required in exchange. 

Example 1. If London would remit 1000 l. ſterling to Spain, firſt by way of Holland, thence to France, 
thence to Venice, and thence 30 Spain; the exchange from London to Holland being 3 5s. per I.; thence 
to France at 58d. per crown; thence to Venice at 100 crowns per 60 ducats; aud thence to em at 
360 maravedies per ducat; how many Piaſtres will it produce in 4 ? N 


VVV 
25 Il, ſterling =, 358. or 420d; Flemiſh. © | 2 
58d. Flemiſh. _ mm „„ 5 net ps " 
100 Growns . pf , = bo ducats. = 
2 1 ducat on ; . 360 maravedies. | 
275 maravedies . E 
How many piaſtes © =  1000l. Berling, / 


h 


. N 8250 
Then S — | 23 1 


mn nd 5750, 507 piaſtres. 
7. 565431 1923.7 597061 the Hos: of 57 50, 507. Therefore the 3 in Spain will i 57 50, 507 
piaſtres, 


- 


Example 2. If London. would remit by the way of Holland, - thence to Franc, - thence to Venice, and 
thence to Spain, the value of 5000 piaſtres, in Engliſh pounds ſterling, the courſe of exchange being as 
in example 1. I defire to know how FOE pounds ſterling muſt be remitted to > Pay the 5000 piaſtres? - 


Antecedents, Conſequents. 
1 pĩaſtre = 272 maravedies. 
360 maravedies = I ducat Venice, 
60 ducats. = 100 crowns French. 
1 crown — 58d. oy 
358. or 420d. = II. ſterling. 


How many pounds ſterling = 5000 piaſtres ? 


272 * 100 X 58 x 5000 


Then 38 0 xa = $69, 488 5. n 


By logarithms 2. 4345689 + 240090000 + 1. 1634280 +, 3. bids; + 7. ave ＋ 8. 40% 15 
7. 3767507 — 30 = 2. 9392638 5 = log. of 869, 488 5. Therefore London muſt remit 869, 488 fl. ſterling. 


Of COMPOUND INTEREST. 


Let a be an annuity, or ſum which will become due, or be payable repeatedly,. at ſeveral equal inter- 
als of time to n number of times. Let the rate of compound intereſt be that of 1 to 1 +r, Where r_is 
the gain of 11. in one time. Let p be the preſent value of the ſaid annuities, ,or- the principal money 
which would purchaſe them; ; and m the amount or future value of the ſame, annuities at the end of n 
times, or what they will produce at the end of the n times, if continually put out to compound intereſt | 
as faſt as they become due. | 1 

The amount m will be equal to the ſum of the terms of the geometrical progreſſion, Ty ia. 


r 


of this other ſeries, rr: er T 2 : 


1 Fr. a. T „ e ESL and the principal p Wl by equal to the tum of the terms 


by means of which two equations, any 


r.1 1+ ey 
three of theſe five terms a, n, r, m, p being given, the two others are found, as ſhewn in the following 


table. Io facilitate the calculations by the table of logarithmic fines and tangents; putr t., A or 


- ” . - 
SM 4 ; I * * 
455 » 3 , 


1+ ſect, A = y 2 5+ Put alſo +9" = ſec', B= 5,2" = IFN —=I=F—1 = t*, B, and 


THe: =s", B. Puts Coon —E=cyC rute Sti, Dio 147 = ſec*, D. 


Put — 
1 Tr G * 
t,B=t,E 1 +<xt%,B = ſect, E N 
: { | 
f | G pag 
GIVEN [CASE] 9 REQUIRED. ASE REQUIRED. | 
1 9 | . -L. pr 2 L. ſec, C 
r 1 m 2 — bf x | 2 n = e — — 
> | by ah — — —ͤ— ERS | L. 1+r. L. ir 
| a, mi. r 3 Pp = n == M X 2 * ; 4 — L. a+mr—L.a — 2 L. ſec, D—20 
| F : N * | Li L. I r 
a, n, 1 5 m = — - x t*,B | 6 pA Sel EL Xs*, B 
4 | . * . .  rx1+r\ * 
Is | r a = = == mr & co-t*, B 98 8 5 L.m—L.p p48 | 
3 Ps 45 7 1+11*%—7 . . 1 b amn E ö 6 | | 
„% A AAA TAE prxtE pr 
& „P- | 9 = p X-1+r W 102 _—— 771 
t m 8: | | 41 i | 
1 Ants. f 11 p = 1+r\ I2 ja = IT; == mr Xco-t*, B 
b 2 : 56 1 a c a X t* B I — * L. m L. p 
12 „p13 — * , | + | LSE — 2 L. ſec, E-20 | 
q n | | | rm | , | . g _ 7 
2 4 = np 15 1＋ V 1 | 1 16 *r 1 Axco- „B 
* N 17. | Given a, u, p, required m and r? 19 | Given a, m. n, required p and r? 
and | 2 x co, Axs*, B—1=0 and | E cos“, A. x te, B 120 
| | 10 Aſſume different values of A and Aſſume different values of A and 
? + - - |rhence fibd the correſponding values Ichence find the correſpondent values 
I of Brill the expreſſion is - o Then | | of B till the expreffion is = o Then 
8 Inner {p=m Xc*, B and 1+r=ſec*, A 
* | >. > Ou Mk; 


2. If the annuity commence t times hence; let n == time of continuance. Put *= — 2 8˙ F. 


We ſhall have the five following formulz, by which Having 5 any four of. the five quantities 


e BR: rd KR 
„nt We may * 9h 4 . 
Y N 5 * F VL, of 2 * » 4 
- = - 
: YE" — —_ * * ” 
= 
* * . . * PR e 1 4 4 
e | 2 a A 8 4 *. a $5.0 oy : * I - , 3 p 4 % = - . ® 4 LL EZED S 9 * - 
„ IE ori eee NR 26667973209 BY £23919 ener & | a" 
A | N 67 LL - | 
+ * N * 4 , A F 4 3 =4 - Y , | "x is * 88 * * * * : G "*- . 4 
— 8 * . ; 5 enn * Sies 14 52 ah + * #e 4 * . Fs , 4 4 * 2357 Fo — - 4 = 
.. 4 ö — | 
' | : | 
& = * * 1 
7 * 
N - 
« 
# * 
” 
, 
de] „ 
— 
.- 
* V 4 
) - 8 oo 
- * 
8 | R 2 
4 - 
a oy K 
* * 
8 4 _- ** re * oy 2 


Ul 


on 11, per an. 


money, at the rate r on 11. per an. Any three of the terms a, Þ r, t being given, to deternpane the 


„Tri“ a **, B 
I as n, T, r* ITI x 1+r +r ; 
1h 85 rh x 1+r r* 1 
2 pon ra t * ans: 
1 — IS EF" EI * . r 


128 e — L. 242 L., B — L. 1 — L. p 
3 fas pn r, * L. 1+7 ier f 


— — * — — 


— L. 1 pr x 
} ox = L. ſec, F 

5 t fy = $44  — of , 
4 fe L ir 5 2 | 


— * a _—_ 
EY Pd — "OY n — a. ** 


= —_ * e 


wah Required r o = © x 75 „ 122 E Xt*, Ax x co-ſec*, B— 


81 


5 | 1+ * 
Aſſume different values of A, and thence find the correſponding values of B, 
. | till the expreſſion adm — © Then tr = ſec“, A 


3- Let p be the preſent worth of an eſtate in fee-ſimple, whoſe annual rent is a, at the rate or gain 


r on 11. per an. OE 


Then a = pr. 
4. Let n be the number of years purchaſe that will buy an eſtate in — at the rate or 19 r 


Then n = =; and r ==* Me 
5. If an eſtate in fee-ſimple, whoſe annual rent is a, to commence t times hence, is worth p ET 


fourth. | 
. ; | e : * — | * 
Given a, r, t p rr | : 
Given p, r, t; whe * 1 . 
. 1 E | 124 voir ads 30-40 
Given a, par; t rs | * 


Given a, P, t; to find r? ENπ = oO Aſſume different values of r till . — 0 52 
6. What ſum p at e intereſt, in the time N amounts to M, and in the time n amounts to me 


7. If the ſum p, at compound ne in the time n amounts to m; what wil be the x amount Met 
that ſum p in the time N? L. M = = — 


8. If 


7 3 | 
3 "Tf the ſum p, at compound intereſts in n years amounts tomz in what time N wil that ſum p amount 


to M: N = —— 


9. If the ſums B. C, D, E ate to be fl b, 05 d, e years (or ſpaces of time) hence; to find the time t 
when the ſum p=B+QC+D+£E — be paid without detriment to either Ferey, at a given rate r of 


| * ER — 
N compound intereſt ? t= Ly-b = + = + === T x 7388 
L. Ir 7 5 


— — 


10. If the ps a is to be paids at each payment, for fi ſeveral paytnents : to fad the time t, when the 
whole ſum na may be paid all togdthery at 4 given rate r of compound intereſt ? 


— L. 3 Dru: _ L.yn+L.r-2 KLB 
1 L. I Jr 1. 1 T7 


If the debtor wiſhed to pay a ſum m greater ot ſmaller than na, but der than pz there would be 


found t = Lim blurred rn Lat, TEL Ma SEXY —2L.t,B 

If the debtor ſhould flu the time, at which he would pay his money, to be at the end of the 
given time t, and the ſum m be required which he ought to pay at this epoch, we ſhall have 
L. m tL Hf + L. a + L. rep —14nk, TTFr -L. r = n X L. ir ＋ L. a 2 L. t, B 

11. Let p be a principal money, which ſhould bring in pr annually, at the tate of r for 11, per an.; 
a, a ſum greater or ſmaller than pr, which we will ſuppoſe to be paid by the debtor to the creditor at the 
end of each year; m. the ſum to which, if oo debtor paid nothing, the ptincipal with intereſt upon 
intereſt would amount at the end of n years; m“ the amount of the ſum a paid annually, at the end of 


the ſame number of years; and m the ſum in - which the debtor will be indebted to the creditor at the 
end of n years. It is evident that we ſhall have m = m m“: but m=p x 1+"; and m — 5 =: 


we ſhall then ike m = p X pr —— 5 > I. r means of which, any four of theſe five quantities 


* 


a, Py n, m, r being given we may find the fifth, as in the following table. Put — x t*, B=t*, G; and put 
＋ * R x ſec. “, B= fect, Hy org N e., B ee, H, tier, H. 7 ms 
are greater than 15 put E ſec”, K, or >= c*,K; and = = ſec', Ly > ate. L. But if — 


and E are leſs than , Mp d Fm 8's N. 


— 


. ö = o * * - f = 

4 ad ® x 4 rn o 2 * * : - * 

0 8. * * 0 . * 

* 
9 
3 * 
— C 
C ” 
. * 
* : s * by 
. w - 
; * - 
- = __ . - 


X 4 * 
4 P „. — 
a FI 8 


EW 


GIVEN LE ee * 


. 1+ 1 1 7 Se — — 
a, p, n, r mp X ——— P * 17 7 „ t', B os. 3 


— 


. 


— „ 


a a; mz n, T P . = == 0 *, B+ — X8*,B=m * c, B x ſect, G 
1 rf Xr 47% , 
rde g E x1 1-+r Fl x 
m, n p, T E — rm X rm x ta, H 
1+1\— 1 . "Ot 
. L.mr—a—L, pra — LEG: EE 8 
a, m, p, r Required n? n = 1 n — EL. UI. 
LP, | L. 1 Tr LITT 
FLAY L.a—mr—La—pr. 3 | ER 2 
orn = Lr L. 1 - L. 1 2 x tv * 
L. 1 Tr | L.i+r 


N. B. mr and pr muſt be both at the ſame time greater or leſs than a ; elſe the problem 
will be impoſſible. 


—_— — 
A 


a, pn, m To finder? © x NY —— — —I=0=z Ae LED 
0 k 3 £X, 


Aſſume Aifferent values of A, 2 the nee the correſpondent values of B by the 
equation 7 +r\" == ſec*, Al == ſec*, B, till the ee above is 2 o, then 1 +r = 
ſec*, A, or r=t*, A. 


| ce 


If the ſum a, inſtead of being paid annually by the debtor, was on the contrary lent to the ſame 
debtor at the end of each year, we ſhould only have to make a negative, or to change the ſigns of each 


of the terms in which it enters in the foregoing table. For caſe 49 put et- „P, and — = * Q 


1. — 7 — . Ex. 


Then n= EmmtztLprts __ AKEL 
L. 1+r cane L. r1+r | | Err | | 15 2 


* 


GENERAL PROPERTIES « PLANE. TRIANGLES: 


iT HE ſum of the three angles i 1s equal to two right angles. 


2. The greater ſide is oppoſed to the greater angle, and the leſs fide to the leſs angle. 


3- The ſum of any two ſides is greater my the third; and the difference of any two ſides is leſs than 
the third, 


4. The 


A 
" 


2 
1 1 


1 35 J 

4: The triangle is equilateral, iſoſcelar, or ſcalene, according as it has its three angles all equal, or 
two of them equal, or all three unequal ; and vice ver/d. | 

5. The angles oppoſite the two leaſt ſides are acute. 

6. The obtuſe angle, if there is one, for there cannot be more, muſt be 1 the greateſt ſide. 

7. Of the two ſegments intercepted between the perpendicular to the baſe and the two angles at the 
| baſe, the greateſt ſegment lies next to the greateſt ſide, and the leaſt ſegment next to the leaſt ſide. 
8. The greateſt angle at the baſe lies next the leaſt ſide, and leaſt ſegment; and the leaſt angle at the 
baſe lies next the greateſt ſide, and greateſt ſegment. 

9. If the angles at the baſe are both acute, the perpendicular falls within the triangle; but if one of 
them is obtuſe the perpendicular falls without the triangle on the ſide of the obtuſe angle. 
10. If both the ſegments of the baſe are leſs than the baſe, or both the ſegments of the vertical angle 
leſs than the vertical angle, the perpendicular falls within the triangle; but if either of the ſegments of 


the baſe is greater than the baſe, or either of the ſegments of the vertical angle is enn than the 
vertical angle, the W falls without the triangle. 


- 


The SOLUTIONS of the CASES of RIGHT-ANGLED PLANE 'TRIANGLES. 


— A864 FL, . "= TW” 4 


” 1 - A . 4. "'Y _ i — — c 1 RY ” 1 
an . 


— 
GIVEN |REQUIRED e eee 8s O0 LU TIO NS. i 


Hyp. AC, and| One leg BC | t | Rad: e, A. Hyp, AC: leg BC 
the angles. * | | 7 

| | 1125 | | A. 
Hypotenuſe The angles 2 ; AC: BC :: r 8, 9 7 whoſe complement i is the 3 C. When BC is nearly equal to AC, 
| = and one leg} | \ | or Ais near 900, and AC and BC are given to more than ſeven places of figures, or their difference 
A. | to two or more places of figures, uſe one of theſe two rules. s, } C= y == ort4C = 


* AC—BC, 
3 4 Io? and complement of C = A. 


Other leg-AB| 3 'E Let the angles be found by caſe 2, 1 enen 1. Or A AC x 


| | * &A=AC xs, C. Otherwiſe, AB = * AC-BC x AC+BC 
The angles Hyp. AC 4 | * A: rad:: leg BC: hyp. AC | | 
and one leg BC Other leg AB] 5 | % A: BC, C: AB.. Or, rad: t, C:BC: AB + 
The two legs The angles 6 AB: BC :: rad: t, A; whoſe complement is the angle C. | 
AB and BC Hyp. AC 7 | Let the angles be found by caſe 6; and then hypotenuſe AC by caſe 4. Or AC= === ==; 
| Uſe the firſt or ſecond value of 1 _— as A is under or over 45”. 
FFF date & $93 


_ 


7 


— — 


The SOLUTIONS of the CASES of OBLIQUE PLANE TRIANGLES. 


1 36 1 


GIVEN: | 


REQUIRED (CASE SOLUTIONS. * 
The angles | Either of the] ; ] s, B: Ac :s, A: BC 
and one ſide AC] other ſides, BC N : 
Two fides | Theotheran-| 2 "AC: s, B:: 30 8, A; which added to B, and the ſum n from 180? ous the other 
AC, BC, and | gles Aand ACB angle ACB. | 
an angle B op- 1 E Let the angle ACB be found by the preceding caſe; then it will bes, B: AC :: s, ACB: AB. 
poſite one of P If BC is leſs than AC, A is acute; and, A, ACB, and AB have each one value only'; 1 
them AC , otherwiſe they have each two values. a 
Two ſides | The other 4 Sum of AB and AC: their diff.: t,. 4 ſum of ACB and B: t, I their IE which added to, and 
AB, AC, and | angles B and ſubtracted from their 4 ſum, gives the two angles. Otherwiſe; leſs fide AC: greater fide 
an included an- | ACB AB :: rad: t, of an angle. And rad: t, exceſs of this angle above 45” :: t, compl. J A: t, of an 
gle A | angle; which added to, and ſubtracted from, the compl. 4 A, gives the two angles ACB and B, 
whereof the greater will be oppoſed to the greater ſide and the leſs to the leſs ſide. 
*. s | Let the angles be found by the laſt caſe, then BC by caſe 1. Otherwiſe put 
BAG VABXAT „ Then BO = D 2%IAVABXAT, un, oy gra or ſecond 
| | of theſe two values of BC, according as z is leſs or greater than 45% 5 
All the three| An angle 3 Let fall a perpendicular CD, upon the baſe AB, oppoſite the required angle A, or B. Then 
ſides. i ſuppoſe A or B AB: ſum of AC and BC :: 


their diff.: 2 DE or twice diſt, of perpendicular from middle of the 
baſe, Then if AC, the fide next to A, is greater than the other ſide BC, take AE+ED = AD, 
with which and AC the angle A will be found by caſe 2 of right-angled triangles. Or if B, the 
angle next the leſs ſide BC be required, take ED » EB = DB; with which and BC the angle B 
will be found in like manner; and if ED is greater than EB the perpendicular falls without the 
triangle, and the angle B is obtuſe. If A and B be both required; after finding A, ſay; BD: 


AD ::t, A: t, B. Or after finding B, ſay; AD: BD:: t, B: t, A, Whence the third angle C 
will be alſo given. | 


= * Sede e 
Otherwiſe, & 1 A y I(® WD XI (DEM 


Papa — a} © (ABFAC+BC) x3 (ABFAC—BC) 
Or; „ANY e e Q 


\ 
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GENERAL . PROPERTIES of SPHERICAL TRIANGLES. 


1. The greater ſide is oppoſed to the greater angle, and the leſs ſide to the leſs angle. 


2. The ſum of any two ſides is * than the third, and the difference of any two ſides is leſs than the 
third. 


3. The 


3 
3. The difference of any two ſides is leſs than 1 80⸗ and their ſum leſs than 360% 
4. The ſum of the three ſides is leſs than 360“. 
5. The ſum of the three angles is greater than 180%, and leſs than $40% 
6. The external e is leſs than the ſum of the two internal and oppoſite angles, but not by ſo much 
as 360% | 
7. According as the ſum of any two ſides is greater, or leſs than, or equal to 180%, the ſum of their 
two oppoſite angles is alſo greater, or leſs than, or equal to 180"; or half the ſum of any two ſides is of 
the ſame kind with half the ſum of their two oppoſite angles. 
8. There may be drawn two perpendiculars from the vertical angle to the baſe, one being the con- 
tinuation of the other to 180%, and which cut the baſe in two points 180° aſunder, whether meaſured 
along the baſe or along the perpendiculars. 

9. If any point be aſſumed in the baſe, as for inſtance, At extremity of it, or the middle of it, 
the neareſt perpendicular to it will be within go® of it; and the furtheſt perpendicular from it will be 
more than go? from it, but leſs than 180”, 

10. Only one perpendicular can fall within the triangle, but both of them may fall without it. 

11. The perpendicular oppoſite to or ſubtending one of the angles at the baſe may at the ſame time 


be neareſt to, that is, within go" of both angles at the baſe; or it may be the neareſt to only one angle 
at the baſe, and the other perpendicular neareſt to the other angle at the baſe. 


12. If the two angles at the baſe are of the ſame kind, or if the baſe i 1s greater than its firſt laments 


or the vertical angle is greater than its firſt ſegment, one of the perpendiculars let fall from the vertical 
angle on the baſe falls within the triangle ; otherwiſe both the perpendiculars fall without it. 

13. If the fide, from the end of which the perpendiculars are let fall on the baſe, and the contiguous 
angle at the baſe be like, the neareſt perpendicular will fall oppoſite to or will ſubtend the angle at the 
| baſe, and the furtheſt perpendicular will be oppoſite to or ſubtend the external angle at the baſe. But 
if the ſide and angle are unlike, the neareſt perpendicular will ſubtend the external angle at the baſe, and 
the furtheſt perpendicular will ſubtend the angle at the baſe. 

14. According as any two ſides are of the fame, or different kind, the ſegments of the third ſide are 
alſo of the ſame or different kind, 47 the ſegments of the vertical gs are likewiſe of the ſame or 
different kind. | a | . 

15. A ſpheric triangle i is mac: :foſcdlar, or ſcalene, according as it has its three angles all 
equal or two of them equal, or all three unequal; and the contrary. 

16. If from the three angles, as poles, there be deſcribed upon the ce of the 3 three . 
of a great circle, forming by their interſection a new ſpheric triangle, the angles taken in either triangle, 
and their oppoſite ſides in the other, will be ſupplements of each other. | 

17. A ſide and its oppoſite act wo alſo. another fide or angle being given, the kinds of the other 
PUT OY doubtful. | „ ee 


k EE. GENERAL | 


1 


— 


GENERAL PROPERTIES of RIGHT-ANGLED SPHERIC TRIANGLES. 


l. TAE angles at the hypotenuſe and their oppoſite ſides are of the ſame kind. 


2. The hypotenuſe is leſs or greater than a quadrant, according as the ſides are of the fame or different 
kind; alſo, according as the angles at the hypotenuſe are of the ſame or different kind; and the contrary, 
3+ If the hypotenuſe be of go?, one at leaſt of the ſides will be the ſame. 


4. If the three ſides are each of go", the three angles will be the ſame; and the contrary. 


5. Every ſide leſs than go? is ſmaller than the. hypotenuſe; and every ſide greater than 9o* is greater than 
the hypotenuſe. 


TABLE of SOLUTIONS of the CASES of RIGHT-ANGLED SPHERIC 'TRIANGLES. 


* 


1 


* 


6. An oblique angle, if acute, can never be ballert ; nor, if obtuſe, larger, than its oppoſite ſide. 
7. The difference of the two oblique angles is leſs; and their ſum greater than g0*. 


NT" 


pe CEE 


GIVEN |CASE[REQUIRED SOLUTION 8s 
The pms , Bos other | Radius e, A:: t, A : co © 
nuſe AC and * adjacent Radius: c, A' :: t, AC: t, AB 
one angle A 3 The, oppolite | Radius: s, AC :: 8, Ar: 6, BC. 
The hypote- 4 Kg eb other c, AB: Radius:: e, AC : e, BC 
nuſe AC and 5 Toy e 3, AC : Radius :: 8, AB* 8, C* 
one leg AB 6 "Tres * an t, AC : t, AB :: Radius: c, A 
One leg AB - I, other Radius: s, AB :: t, A* : t, BC. "78 
and the adja- 8 The oppolite Radius A. :; e, AB? 2'c, C* 
| , angle C 
cent angle A 9 he hypote- e, A : Radius:: t, AB : t, Ac 
nuſe A | 
| Both legs AY 10 * angle ſup Radius: s, AB :: cot, BC*: cot, A“ 
and BC 11 INC pote- Radius: e, M:: e, © CG 
n angus.” 12 muſe AC 80 t, A cot, C f Radius ; e, Ac 
| Aand C 13 EY, MP" s, A : c, C* :: Radius: c, AB“ 
One 105 BC 14 . neee BC 4 8, AB, doubtful. 
and the oppO- 15 Kies adjacent c, BC : Radius 72 e 4258 C, doubtful. 
ſite angle A \ 26 | noſe AC pote- 85 A 1 8 BC 22 Radius . s, AC, doubtful. 
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REMARK 8. 


The ſpheric triangle ABC is right-angled in B, The two quantities, whether arcs or angles; W bod 
with aſteriſcs in the ſame analogy, are both of the ſame kind; that is, both at the ſame time leſs, or both 
at the ſame time greater than go*%. The three laſt caſes are doubtful, fince it cannot be determined by the 


data alone whether AB, C, and AC are leſs or greater than go* each. 


In the remaining caſes, if the two 


given quantities, whether arcs or angles, which occur in the previous terms of the ſame analogy, are both 
of the ſame kind, the laſt term or anſwer required will be under o'; but if they are of different kinds, the 


laſt term will be above 90˙. 


- 


SOLUTIONS of OBLIQUE SPHERIC TRIANGLES. 
( The character < placed between two quantities denotes that the firſt is leſs than the ſecond, and the character I placed in like manner, 


ſignifies that the firſt is greater than the ſecond. The character placed between two quantities denotes the difference of the quantities, 
whether the firſt or ſecond be the greateſt, ) | 


= 


—_——— 


* 2 MM ID Pa 


r 


12 Or e, B: R :: t, BD : t, BC 


GIVEN [CaSE[REQUIRED $ 0 „ 8. 
| p — hs 
r NN, : fy * | 
One of the | Cet fall the perpendicular CD from the unknown angle C which is not required, upon 
| the oppoſite ſide AB | 
Two ſides 1 | other angles R e, A t, AC: t, AD Cor 907 as A and AC are like or unlike, 
FR = AB-- AD = BD. 
AB, AC | „ D , AD t, A t, Blikeor unlike A as AD is < or > AB. 
and included F* Let fall the perpendicular CD from one of the angles not given, C, upon the oppoſite | 
| 3 
ng dots Re Ann t, AC een, a Aand AC are like or unlike. 
ſide BC AB AD = Bo 
5 ö c AD: e, BD:tc AC: c, 


* «. or unlike. 


Let fall the perpendicular CD from the end C of given ſide AC, which is next to the 


ſp * required ſide BC, upon the oppoſite fide A. | 
3 | other fids | Re, A0 tr t, A: cot. ACD < or O 9. as AC and A are like or unlike. 
3 "Be ACB = ACD = BCD. 
4: + BD e, ACD :: t, AC: t, BC<or'> go? as A and BOD are like or unlike. 
e Let fall the ee en e cD from one of the given — upon the oppoſite fide 4 AB. 

| The third Re, AC:t:t, A: cot; AD or > 90" as ACand A are like or unlike, | 
» <5; on _ACB-w ACD = . 
bes 4 ang , ACD: : 8, BCD :: cy, A c, 

| 1 Or R: c, BC :: 13 be A wACD » ces ACB. 


t. BCD: cot, B 


— 


4 
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SOLUTIONS of OBLIQUE SPHERIC TRIANGLES continued, 


GIVENICASE 


REQUIRED 


"3$0OLUTTONS: 


All the three 
ſides 
AB 5 
AC | 

BC 


All the three 
angles 

We 6 

Þ 

C 


One of the | 
angles as 
A 


or 


"AA AD 


Let fall the TY CD from one of the angles not required, C, upon. the oppoſite | 
ſide AB; biſect AB in E, and let AC be > AB. 

R*:t,34ACÞ BC xt, 4AC—BC:: cot, 4AB:t,Z= ED< 90?, being diſtance of 
neareſt perpendicular from E the middle of the baſe AB. 1 

II are four caſes of this problem ; | | 


. Fig. 1. 4AC+BC< go), and Z > AB; AD = Z +4 AB, and BD=Z — 4 AB; 
* the perpendicular falls falls without the triangle on the fide B. 


2. Fig. 2. FAC+BC< go?, and Z CI AB; AD = =2 AB+Z, and BD = = TEE Z, 
and the perpendicular falls falls within the triangle. 


3. Fig. 3. 4 A B Y , and Z CAB; AD = 4 AB - Z, and BD 145 4 Z 
and the perpendicular falls within the triangle. 
4. Fig. 4. 1 AT BHC S 90, and Z>L AB; AD Z - AB, and BD = rem 
and the perpendicular falls without the triangle on the ſide A. 
Then t, AC: t, AD :: R: , A 
t, BC: t, BD :: R: c, B 
The kinds of A and B in the four ſeveral caſes will be as follows; 
1 A is like and B is unlike BC 
2 A and B are both like BC 
3 A and B are both like AC 
4 A is unlike, and Bis like / AC 


One of the 
ſides 
AC 


Or 


BC 


«%» T———8 


e 


Let fall the perpendicular CD from an angle C not oppoſite the required fide AC or BC, 
upon the oppoſite ſide AB; and let an arc CF be drawn within the triangle biſecting ae 
vertical angle ACB, and let B be > A, and conſequently AC > BC. 


R*:t, 1 ATB „e t, 1 BA t, 1 ACB : t, Z or FCD o, being contained between 
the are CF and the neareſt perpendicular to it CD. | 


There are four caſes of this problem; 


1. Fig. 1. 4A+B<go", and Z Y ACR; ACD = Z +4 Ach, and BED=Z = 4 ACB, | 
and the perpendicular f: falls without the triangle on the ſide B. 


2. Fig. 2. 1 AT C9, andZ< 4 ACB; ACD = Ac; A Z, and BCD = 4 ACB=Z, 
and the perpendicular f falls within the triangle. 


3. Fig. 3. 1 TIE S 90, and Z< 4 ACB; ACD = 1 ACB — Z, nd BCD 4 ACB+Z, 
and the perpendicular | falls within the- triangle. 


4. Fig. 4 3 AFBS90, and Z > F ACB; ACD = Z — L ACB, and BCD = Z4+ 4 AGB, 
and the perpendicular falls without the triangle on the fade A. | : 
Then R* : cot, A x cot, ACD . R; c, AC 5 | 
R* ; cot, B x cot, BCD :: R: c, BC | 
The kinds of AC and BC in the four ſeveral cafes will be as ; follow ; 4 
1. AC is Cor > 9g0* as A and ACD are like or unlike, BC is like A and unlike B. 2 
2. AC is Cor > 90 as A and ACD are like or unlike. Bis like A and B. 
3. AC is like A and B. BC is S or > go", as Band BCD are like of unlike, 2 
4. AC is unlike A and like B. 2 is wk or > go as B and BCD are like or unlle 


"SOLUTION J 


— 


8 


| 
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.v0122tons of OBLIQUE SPHERIC TRIANGLES continued. 


n 


| | ——AÄÜuiʒ¹ã¹t. —— — 
GTV N [CASE REQUIRED 45 J ol 1 * 1 1 O NS. 
| Let fall the perpendicular CD from the angle C 
| The angle 7 ae between the given ſides AC, BC, Fee the 
appoſite the 
7 . * given s, BC: s, AC :: s, K : $, B doubtful whether < or & 90. The kind of B however may for 
| ſide the moſt part be determined dy my propoſition, the ſum of the given ſides AC, BC, and the 
Two ſides AC ſum of their oppoſite angles A, B, lie both on the ſame fide of 80), that is, are both leſs or 
both greater than 1800 at the ſame time. | 
AC N 2 MRATY 
3 From the required angle angle Ach let fall the ae e CD upon the ee ſide AB. 
BC, The 2 Re, AC::t, A : cot, ACD Cor Y go? as AC and A are like or unlike. 
FE; ACB t, BC: t, AC :: : c, ACD: c, BCD > 90” if one of, or all the three terms ACD, AC, BC, 
and an ang 0 contained be- | are > 90"; otherwiſe Co!. 
4 8 = rn | ACD + BCD = ACB doubtful on account of the ambiguity of the ſigns : which uncertainty 
Es AC, may however be for the moſt part obviated by one of the two following rules; if the ſum of the 
oppoſite one of BC - | ſegments ACD, BCD be > 180", rake their difference, if the ſecond ſegment BCD be greater 
| 9 ; than the firſt ſegment ACD, take their ſum for the angle ACB. 
; | Let fall the perpendicular CD from the angle C contained between . two given ſides AC, 
BC 1 BC, upon the oppoſite or required fide AB. 
The third R e A . AC: t, AD Sor > 90 as A and AC are like or unlike. 
c, AC: c, BC: c, AD: c BD > 9 if one of, or all the three terms AD, BC, AC, are > 90”; 
9 fide otherwiſe C 90", 
| | AD = BD = AB doubtful ; but may for the moſt part be determined by one of theſe two 
TONY = -o&f | rules. If the ſum of the ſegments AD, BD is greater than 180, take their difference ; but if 
| e, the end ſegment BD is greater than the firſt ſegment AD, take their ſum for the fide AB. 
C——"—— —_— — . 
4 * fall the * CD from the angle C not given 
| n the o te ſide AB 
| 1 1 The fide |} N * - 
| BC 4 
| 10 |- oppolite the 8, B: s, A :: 8, AC: s, BC doubtful whether Cor > 90, but may however for the moſt 
Two angles | other * part be determined from this conſideration, that the ſum of the given angles , B, and the ſum 
* e of their oppoſite ſides AC, BC, lie both on the ſame fide of 180. If this rule | is not ſufficient, 
A, B, ITS or no other means are given to determine the kind of BC in this problem, it will be impoſſible 
| | to determine the value of the other parts of the rings by the ſolutions of the two following 
and a fide . Lee 
AC Wee 2 | * fall the 3 CD from * = C not given upon * oppoſite or or required fade 
The fide AB. 
oppolite one AB R:c, A 8 AC zt, AD * or > go” as A and AC are * or . 
included be- t, B: t, A::s AD: s, BD doubtful whether < or > go 
of them II | tween the AD + BD = AB doubtful on account of the 8 Not the ſigns, as well as of BD, but 
: ; given angles may often be determined by one of theſe two rules. If the ſum of the ſegments AD, BD, be 
B | greater than 180? take their difference. If the ſecond 9 BD be greater than the firſt AD 
take their ſum for AB. 
| $2 * a — ci . 
1: cath4 - Let fall the perpendicular. CD from the regains n e ACB upon the 7 fide AB. 
The third R: c, AC:: t, At cot, ACD > 90 as AC and A — like or unlike. ; 
- co Are Bus, ACD; 45 BCD D whether Cor > 
42 . angle Acb BCD ACB doubtful on account of the — So of the Ggns, as well as of BCD, 
ft N CB. but may often be determined by one of theſe two rules. 
e It the ſum of the ſegments ACP, BCD be & 180), take their difference; if the- ſecond 
| 1 „ | OOTY e . 
| "04747 +> Wer 1131 4 - 


GENERAL _ 


AB 


KEW: So 
GENERAL PROPERTIES of « RECTILATERAL  SPHERIC TRIANGLE, 
or having one Side equal to 90% _ 2 


Call the arch Yer to go* the quadrant, and call its oppoſite angle the Ls angle, and call 
the other ſides and angles ſimply ſides and angles. 


1. The angles at the quadrant and their oppoſite ſides are of the ſame kind. 


2. The hypotenuſal angle is greater or leſs than 90“, according as the angles at the quadrant are of 
the ſame or different kind; alſo according as the ſides are of the ſame or different kind. 


3. If the hypotenuſal angle be of go", one at leaſt of the angles at the quadrant will be ſo, and its 
oppolite ſide the ſame. | 


4. If the three ſides are each of go", the three angles will be the ſame, and the contrary. 


5. Every angle leſs than go? is leſs than the hypotenuſal angle, and every "ge greater than go®1 is 
greater than the hypotenuſal angle. 


6. An acute angle cannot be greater, nor an obtuſe angle leſs than its oppoſite ſide. 
7. The difference of the two ſides is leſs than go and their ſum leſs than 270%. 


The SOLUTIONS of a RECTILATERAL SPHERIC TRIANGLE, or having one fide equal to go". 
GIVEN [CASE | REQUIRED . 


Hypotenuſal 1 | Oppoſite angle | Radius : s, hyp. angle C:: s, AC* : s, B* 
| B 6-8 | 
angle C, and 2 | Adjacent angle | Radius: c, AC :: t, hyp. angle C: t, A 
A | 


one ſide AC 3 | Other fide BC | Radius: c, hyp. angle C:: t, AC : cot, BC 


Hypotenuſal The other angle | c, A : Radius :: c, hyp. angle C:c,B 
B 


ſide BC 


4 
angle C, and | 5 | The oppoſite | s, hyp. angle C: Radius :: s, A* : s, BC. 
6 [Adjacent fide AC| t, hyp. angle C : t, A :: Radius : c, AC 


one angle A 


One angle A, The other angle] Radius: s, A:: t. AC: t, B* * Bt 
3 | | 

and adjacent 8 The oppoſite | Radius: s, AC :: c, A* : c, BC* 

9 


fide BC | | . 
ſide AC Thehyp. ang. C C | e 


c, AC: Radius :: t, A : t, hyp. angle C | 


Both angles, 10 | Hyp. angle c Radius: c, A :: c, B: c, hyp. angle C 


A ſide * 8 N'.. 
A, and B 11 AC 8, A : Radius :: 5 B*: t, AC * 
Both ſides AC, 12 An 3 s, AC: c, BC: : Radius : c, A* 8 in 
2 ſuppoſe A 
and BC 13 | Hyp. angle C | t, AC: cot, BC :: Radius : c, hyp. Tony c 
One ſide AC, | 14 The other t, AG t, Bu : Radius : 8, A, doubtful. 
angle A 


8 and oppoſi te 15 [ Adj. fide BC ©; B: Radius : c, AC: s, BC, doubtful. 


K 


angle B 16 | Hyp. angle © 18, AC : $, B :: Radius : s, hyp. angle C, doubtful. | 


R E M AR K 8. : ; 
The ſide AB of the ſpheric triangle ABC is equal to a quadrant, or go Land The two o quantities 
whether arcs or angles, marked with aſteriſcs in the ſame analogy are both of the ſame kind, that is both 
at the ſame time leſs or both at the ſame time greater than god. The three laſt caſes are doubtful, ſince it 
cannot be determined by the things given alone whether A; BC, and C be leſs or greater than..go? each. | 
In the remaining caſes, if the two given quantities, whether arcs or angles, which. occur. in the previous 
terms of the ſame analogy, are both of the ſame kind, the laſt term or anſwer required will be above 90 
but if they are of different kinds, the laſt term will be under 90˙. | N "TABLE 


—_—— — 


l 


T1 as j 
TABLE of * ACCURATE SOLUTIONS of CASES of RIGHT:ANGLED 
SPHERIC TRIANGLES by LOGARITHMS, 


- - So 2 ©» 


61 v K N CASE 1 va LITYT ; | | 
G | of Things SOLUTION. 
[REQUIRED] Se! ogg 
Hypotenuſe Shy bf SOR 1 7 WEE N 
Phe 1 | Other angleC | e, AC +t, A —10 = cot, C 
a , XK ” 
2 2 Contig. leg AB 6 AC + c, A—-10=t, AB | | 
| extr. | % AC + 5 a BC* | : © A B 
A 3 | Oppoſite leg BC f Be leg x extr. e, AC 10e 
; bees f ee AB renn 5; A8 f Ae AB J BCllike A 
| | ACS cada AB = c, BC | 7 
Hypotenuſe * $9 r En. . f 3 
ypo 4 | Otherleg. BC 3 t FAC—AB+t, FACHAB _ 3 BC 
, 2 . - 
AC, | r 
4 ; AB* +105, AC = s, C*, 
| | 5 | Oppoſiteangle 12 1 5 f 
| ; . | t, AC+AB AB , A 
and one leg _C mean : £ = : n ABj and $Z—g2n = C 
| | mean ine to = e, A 
AB 6 |Contig.angleA| {© „en 
| | 2 * 
1 _ * "Ga 42 | A 5 A : Wh _ET 8 
One leg 7 | Other leg BC '$ AB+t, A* -10 = t, BCY | 
AB," +7 | | 4 | | | | 6 
. 8 Oppoſite angle wean e, AB*+8, A- 10 e, C* , A | | 
andcontig. angle | _ C { ante. s, AB +t, A- 10 = t, BC * a 2 4488825 BC >} = = 8, C like AB. 
A 9 | HypotenuſeAC t, AB Tee, 4 t AC 
Both legs, 10 An angle A $, ee = cot, 4 ** 
AB an BC 1 , |HypotenaſeAC| L., | Anke B e Ad A 
extr. $, AB-+cot, BC— 10 = os A 12 s, BC+1o—s, A } = = $5, AC 8 4 
4 * [ | NK : 8 : 92 ny 
mean cot, A+cot, C-10= c, AC | 
| 12 Hypotenuſe Ac { T rr 0 
Both angles, | wy extr. GEE — . t I AC 
X } g - 
A and C 5 A leg AB 1 | 8 *+10—5, A = c, AB* | 
3 IS | rte 1 2 + 205 A—C BLIND Then t, Ac +c A—10= t, AB like C 
Jos | | e e XY. es The * 145 22 — 0. * ** 
| extr. t. + cot, A- 10 = $; < or > 
14 | Otherleg AB ns | Fad © by cole 25, or AC by'calk 1 ond rather the furtheſt from 900 then 
0 eg | e, C+10-8, Aor A orc, AC+10—c, BC c, AB 
BC s Ocherwiſe, 2 * r. oe and AB = 2X — 90⁵ na 
| TI | * | | extr. 8 100 BC = C<or> | 
and oppoſite 15 |Contig. angle C mean Tr 0 14, or AC b Arx #26, and rather the furchelt "TY go®; 
* | bp iy | IT A- 10 A- or t, S 8 | 
angle | 2 +cot, | Re 
s | | Otherwiſe, —— 12 er W•nenr 
A ' | y 9 
al I extr. , BC oe A=s,A AC Sor 
| 16 Hypotenuſe AC mean Find AB b caſe 14, or C by 8 and rather the birtheſt from 9% i 
| 5 + +1 | Then, e te = ©, AC; or t, BC+10—c, C = t, Ac 3 
Ky A—BC 
1 „ ee . 2 e and A= E- ger ge 2 f 
— (—A!r——— 
5 „ | . REMARES 
4 | =" 


[ 44 ] 


REMARKS necaſſary to explain the US E of the above TABLE. 


1. By fine, coſine, tangent, cotangent, are here meant the logarithmic ſine, coſine, tangent and cotangent. | 

2. If any arc is nearer o or 180 than go", that is C45 or > 135%, it is called an extreme arc and If it is 
nearer. go” than oꝰ or 180", that is between 45% and 1 35* it 1s called a mean arc. 

3. The two quantities, whether arcs or angles, marked with aſteriſcs in the ſame equation, are both of 
the ſame kind, that is, both at the ſame time leſs, or both at the ſame time greater than go. The three 
laſt caſes are doubtful, ſince it cannot be determined from the things given, alone, whether AB, C, and AC 
are leſs or greater than go each. In the remaining caſes, if the two things given, whether arcs or angles, 


are of the ſame kind, the thing required will be Co; but if they are of different kinds, it will be> 90. 


The grounds of the ſolutions of the foregoing table, ſo far as they differ from thoſe of page 38, are as 


follow: This table 1s taken from that page, but adapted tologarithms, for the convenience of the Computer. 


The additions are deſigned to render the reſults accurate in all caſes; whereas the common rules would 
often introduce errors, on account of the limitation of the logarithms to ſeven decimal places of figures. 
The term required, when it comes out by a tangent or cotangent by the common rule, as in caſes 1, 2, 7, 
9 10, will be obtained accurately, viz. within th of a ſecond, when the arc found is near 45", and nearer 
when it is either leſs or greater, becauſe the difference of the logarithmic tangents and cotangents for the 


difference of one ſecond of the arc is 42 at an arc of 45%, and larger in every other part of the quadrant, 
till at o' or go" it becomes indefinitely great; and an error of half an unit may ariſe in each of the three 
logarithms concerned m the calculations, and no more, becauſe theſe tables have been ſtudiouſly made 


exact to the neareſt unit in the laſt place. The anſwer will be exact likewiſe by the common rule when 
it comes out by the ſine of an extreme arc, or by the coſine of a mean arc, becauſe the difference of the 
logarithms for one ſecond of the arc is large; but will be leſs and leſs accurate as the arc given by its fine 
approaches 90", or the arc given by its coſine approaches ©” or 180%, becauſe the logarithmic difference 
grows leſs and leſs, and at laſt vaniſhes. When the arc given by its ſine is diſtant 4" from go", or given by 


its coſine is diſtant 4* from o or 1807, the error may amount to one ſecond, and in proportion as the arc is 


nearer thoſe points the error will be greater, being inverſely as that diſtance. Therefore in theſe caſes, in 
order to obtain the like exactneſs as where the anſwer comes out by a tangent or cotangent, or by the | 


| ſine of a ſmall arc or the coſine of a large one, in the foregoing ſolutions, recourſe has been had to other 


ſolutions, which conſtitute - the additions made to table page 38, beſides the reducing it to logarithmic 
calculation. Theſe new ſolutions introduced here, to be uſed inſtead of the common ones where they fail, 
proceed on theſe grounds; to find from the things given the tangent or cotangent of ſome other part of 
the triangle, and conſequently its arc exact, and then from that and one of the two original things en | 
to find the arc required by a fine if the common rule gave it by a cofine, or by a coſine if it gave it by a 


ſine, and conſequently exact, becauſe when the logarithmic difference belonging to the hag. is ſmall, that 
belonging to the correſpcnding coſine will be large, and the ee, i * 


4 1. 


| *_ 
Moreover, ved 
8 4 1 


nn 
= 


1 46 ] 


Moreover, where two operations are pointed out in the table, there is uſed in the ſecond the fine or 
coſine of the ſame arc-whoſe tangent or cotangent -was given by the firſt operation ; ; to find which exact 


from the logarithmic tables, it would be neceſſary, where the logarithmic difference is large (as in the ſines 
of ſmall ares or coſines of large ones) to find the arc previouſly from its tangent to a minute part of a 


ſecond, either by a vulgar, or decimal fraction, or a ſexageſimal of a lower denomination. To prevent 
this trouble, without leſſening the exactneſs, the logarithmic fine of an extreme arc A is taken 
= L. t, A IIA c, A—1oor=L.c, A+ 10 — L. cot, A; or the log. coſine of a mean arc A is taken 
= L. 8, A + 10—L, t. A or L. 8, A+ L cot, A 105 where the tangent or cotangent of A is already 
given by the firſt operation, and the finding the fine or coſine will be very eaſy, becauſe the logarithmic 
difference will be ſmall. In 2 5 it will be ſufficient to being out the arc in the firſt operation to 32th 
of a ſecond. 


There is another great advantage ariſing from this 3 that if the reſult 1s e exact only 
within the limit of a ſecond, which is moſt commonly the caſe, the logarithms may then be taken out 
correſpondent to the ares and the arcs correſpondent to the logarithms, directly from the tables by 
inſpection, without making any proportion for the logarithmic differences or odd parts of a ſecond, which 
is the part of the work that gives moſt trouble in calculations, and is moſt obnoxious to error. 

Some of the new ſolutions are given by a peculiar rule, by one operation, the anſwer coming out by 
a tangentz and conſequently exact in all caſes, whether the ſimple rule fails or not. 
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TABLE of ACCURATE SOLUTIONS of OBLIQUE SPHERIC TRIANGLES by LOGARITHMS. 


[ 4s ] 


* : — — — — x — — — ———U 
GIVEN CASE REQUIRED 0 11 
| | . Let fall the perpendicular CD from the unknown angle 
| Angle B, C which is not required, upon the oppoſite fide AB 
| oppoſite one |, Al 7 2 £22 3 ext. If 593 A” 
| extr t Te + t, A+ co-ar. 6, BD 201 | 
AB. 1 | of: e AD { AD 4 4 A 328 bi un like or unlike A as ADis <or> AB. 5 
REMARK. B comes out liable to error when BC is ſmall or near 1805, which however is 
BY ſides AC ] not to be confidered as material in 3 becauſe a like error will ariſe from a ſmall error in 
AC, any of the things given AB, AC, A. | SAY) Ne 
by Let fall the perpendicular CD from one of the angles not given, as C, upon the oppoſite aide AB 
— = 1 * * | I 1 | 5 5 ; 
| ind indoded t, Acy AD = 5 OE as Al EY Our 7 IP | | 
tr, co-ar. c, +c — 10 . 
| | AD py — WIr 8 AD 4 © BD Fete . =c BC Sor go*ns Aand BDare like or unlike. 
FEE angle The third REMARK. BC when ſmall will nt come out exact from this rule by the tables, but the error 
| 132 will not exceed a ſmall fraction of a ſecond, as low as 14” or 157 the leaſt; diſtance of 
| | ſide BC the moon from the fixt ſtars ſet down in the Nautical Almanac. It may however be found very 
A, | | exact by either of the two following ſolutions. BY 8 HRS, : 
| Otherwiſe, 2dly. ee —— angle B by caſe 1, and thence BC as follows: | | 
| extr. CO-ar.Cc, B + | ; | | * 2 
1 B [Derr 5b = t, BC S or = 90 as A and BD are like or unlike. 
| ' REMARK. BC will come out always exact if proportion be made for differences, and within 
| | 7 1} without making any proportion, although the angle B may err much more when BC is 
| - ſmall, as abovementioned, which however will not BC more than here mentioned. 
Otherwiſe, 3dly. , x A + c0-at. 8, 4 AB AC+is, AB tis, AC—-10=t,Z | 
extr. co- ar. c, Z +8; ABN W , F $ | 
[ W = 8, FBC 
mean t, Z + co-ar.s, Z + s, 4 AB - AC | 
REMARK. By making proportion of the differences, this rule will be exact to 3“ if BC does 
not exceed 9. Without any ry ge tn it will de exact to a ſecond, if BC is ſmall; and 
not err more than 2” even when BC is go?, | | 
[—— = — : | — nn" 
| Let fall the perpendicular CD from the end C of the given fide AC, which is next the 
- required fide BC, upon the oppoſite fide AB. 
One of the t, Are, AC—10= cot, ACD <or> 907, as A and AC are like or unlike. 
Two angles 3 other ſides 2 wy BCD 
extr. e t, AC ＋ cor ar. e — 10 x 
| , * { mean cot, ACD+8, ACD+t, AC +co-ar. BCD 20 us <or> go*as And BCD are like or unlike. 
A. AcB BC REMARK. BC comes out liable to error when B is ſmall or near 180, which however is 
2 not to be conſidered as material in practice, becauſe a like error will ariſe from a ſmall error in | 
| any of the things given A, ACB, and AC. ; | 
and the fide 7 Let fall the perpendicular CD from one of the given angles, as C, upon the oppoſite ſide AB 
t,A+c, AC—10= cot, ACD Sor > 9, as A and AC are like or unlike. | 
AC | ACB 1 2 = 1 2 ü | | 
a extr, cot, + co-ar.c, + +c,A—20 a Aſs k 
. ; The other Ac Weng e, A EET c, B Ike or unlike Aas ACD is <or > ACB. 
angle B REMARK. B will not come out exact by this rule when ſmall ; when = e the error how- 
between them. ; ever will not exceed a ſecond. It may ever be found very exact by either of the two | 
following ſolutions. | 1 
Other wy, WR: 2 the ſegment BCD and th BC by caſe 3. | + 
| BC mean art BCto20 4 , BC4t, BOD—20 | = et, B like or unlike Aas ACDis Sor > ACB. 
| wo — REMARK. . BC will come out always exact if proportion be made for differences. But with - 
1 ar: cout any proportioning it will never err more than 1 11 although BC previouſly found may err 
| much more when B is ſmall, as aboyementioned, which however will not affect B more chan 
here mentioned. | | | | | 3 
| Otherwiſe, zdly. s, + AC + co-ar.c, K A, ATT, C=10=t, z N 
þ extr. e, *#A+C+1o0-c,Z ö 4 N 7 
| | mm IRFO +0, 24 wane x IT» - 8 pee 
| | Remark. By making proportion of the differences, this rule will be exa& to % if B does 
not exceed go*. But without any proportioning it will be exact to a ſecond if B is ſmall; and 
3 | within two feconds if it is near 9 | 1 n 5 ! 
EY / 35 . N 
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TABLE of ACCURATE SOLUTIONS of — SPHERIC TRIANGLES rhe LOGARITHMS continued. 


CASE 


iir s 


— 


All the three 


- 
- a 


1 


« ' 
= i | 


[REQUIRED 


7 
+4 


| 


£ 


— + 


Fig. / Fig. 2 / Fig. 4 


Let fall the perpendicular CD from one of the angles not required, as C, upon the oppoſite 
ſide AB; B ; biſect AB in E, and let AC be > AB. | 

t, t, LAC— BC 4+ cot, 4 AB - 20=t, Z=ED & 90“, being diſtance of 
neareſt perpendicular from E middle of the baſe AB. 

1 are four caſes of this problem; 1 5 

Fig. 1. FAC + >< 90), and Z } AB; AD = 2 +4 AB, and BD=Z — L AB; 

we the perpendicular falls falls, without the triangle on the fide B. 

2. Fig. 2. FAC+BC<go,, and Z <4 AB; AD = AB ＋ Z, and BD = ABZ, 
and the perpendicular falls within the triangle. | 

3. Fig. 3. 4 ACTBC > 90), and Z <4 AB; AD AD = } AB — Z, nd BD=$ AB + 2, 
and the perpendicular falls within the triangle. | | 

4 Fig: 4. 4 ACT BC > 90, and Z > 4 AB; AD = Z — } AB, and BD=Z +4 AB, 


and the AF falls without the triangle on the ade A. Then 


tz AD om = 10 Ge, K 


221 125 s, AC+AD _ 2014 
2 1 
extr. 1 — ho n t, 1B A 
The kind of A and B in the four Gyeral caſes is as follows 3 1 
1 A is like and B is unlike BC 
2 A and B are both like BC 
3 A and B are both like AC 
4 A is unlike, and Bis like Ac 
Otherwiſe, 2d Solution; Put the fum of the fides = 8 . B 


% 4 LE "XC +s,i5- * ——— SAP 944 


In WORDS ; Take half the fam of the three ſides, and its difference ſtom eakh of the Gides 


containing the required angle, To the logarithmic fines” of the ſaid differences add the 
'] © arithmetical complements of the logarithmic fines of the containing ſides. Half the ſum of 


theſe four logarithms will be the logarithmic fine of half the required angle. 
Remark. This rule fails when the tequired angle A is near 180? ; but is proper to by ufed 
when A is under 90. "When Als greater than go?, uſe the following rule: 


Otherwiſe, 3d Solution. Let 8 repreſent the ſum of the ſides, as in the preceding ſolution, 


2 INT HIND +. 8 W + co-ar. s, AB =< jA | 


In worDs; Add 3 the logarithmic ſines of half the ſum of che three ſites, and of the 


_ ſaid $ſfum leflened by the fide oppoſite the required angle A, and the arithmetical complements 
of the logarithmic ſines of the containing fides. Half the ſum of theſe four 9 will be 


the logarithmic coſine of half the required angle. 8 . 


- Remark. This rule fails when A is near c, but is proper to be uſed when n 
90˙ and 180? ; as the preceding rule · is fitteſt to be uſed when A is under 900. 


4961 — 


— — — — Gr hos 92 5 a E 
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TABLE of ACCURATE SOLUTIONS of OBLIQUE SPHERIC TRIANGLES by LOGARITHMS continued, 


ſG1vEN 


| CASE 


REQUIRED 


Rome * 3 = 2 ith. — 
2 - - . a 


_ 


SOLUTIONS. B 


All the three 
angles 


A 


B 


One of the 


ſides 


or 


| when AC is above 85 as the Nane rule is bende ty be uſed when AC is 3 


Fig. 1 


=A=A=A 


Let fall the perpendicular CD from an angle C not oppoſite the required fide AC or BC, 
upon the oppoſite fide AB; and let an arc CF be drawn within the triangle biſecting the 


; wad” angle ACB,” and let B be > A, and conſequently AC < BC. 


LA+B+t,+B-A + t, T ACB —- 20 == t, Z or FCD < 9o® being the angle contained 
bets the arc CF and the neareſt perpendicutar CD. 


There are four caſes of this problem ; 

1. Fig. 1. 4 A+ ATB Co, and Z 4 AGB; ACD = = Z +} ACB, and BED=Z —4 ACB, 
and the perpendicular CD falls without the triangle on the fide B. 

2. Fig: 2. 1 A TB > 90?, and Z & 4 ACB; ACD = 1 + 2, and BCD = 3 ACB-Z;, 
and the perpendicular CD falls within the triangle: 


3. Fig 3. 1 KTB > 90%, and Z < Ac ACD= ACR Z. and BDI ACB+2, 
and the perpendicular CD falls within the triangle. 


4. Fig. 4. 1A B 2 90%, and Z > 4 ACB; ACD=4Z — — F ACB, and BCD = Z+$ ACB, 


and the perpendicular CD falls without the triangle on the fide A. Then 


AC Mean cot, A + cot ACP — 10 = ©, AC 
extr, e, A + ACD + 20 - c, A— ACD =t,+ AC 
* z 


2 
BC Mean cot, B + cot, BCD — 10 = c, BC * 
extr. , B + BCD + 20 - , B © BCD = t, BC 
— - 


2 N 


The kind of AC and BC in the four ſeveral caſes will be as follows; Tt 
t. AC is Cor > o as A and ACD are like or unlike, BC is like A and unlike B. 
2. AC is Cor >9g0* as A and ACD are like or unlike. BC is like A and B. | 
3. AC is like A and B. BC is Cor > 90”, as Band BCD are like or unlike. 
4. AC is unlike A and like B. BC is <or 2 9 as B and BCD are like or unlike, 
Otherwiſe, ad Solution. Put the ſum of the angles S 

cz T8 +SITZEE — nes „1A 


In worDs, Add together the — coſines of half the „ of che three OY” and of 


the ſaid half ſum leſſened by the angle B oppoſite the required fide AC, and the arithmetical 


complements of the logarithmic fines of the other two angles A, C. Half the ſum of theſe 
four logarithms will be the logarithmic fine of half the required fide AC. 

Remark. This rule fails when the required fide AC is near 180% but is proper to be uſed . 
when AC is under 90% When AC is greater than go", uſe the following rule; 


Otherwiſe, 3d Solution. Let S repreſent the ſum of the angles, as in the 1 ſolution, 


e, T8 — Xe, ES<ZT + co-ar. s; A + co-ar. vC 
2 & . AC 


> Ws. 


In worDs. Take half the tum of the three angles, and its differences from each of the $ 


| angles adjoining to the required ſide. To the logarithmic coſines of the ſaid differences add the 
| arithmetical complements of the logarithmic ſines of the adjoining angles. Half the ſum of 


theſe four logarithms wilt be the logarithmic coſine of half the required fide. | 
" Remark. This rule fails; when the required fide AC is near o, but is proper te be uſed 


= 
aa 


. 1 „ | 


TABLE: of ACCURATE SOLUTION 8 of onder SPHERIC TRIANGLES by LOGARITHMS continued. 


a. tin. & * 


** EY * dd. „ 
— 
Ko 


The angle Let fall the perpendicular D from the angle C 
* contained between the given ſides AC, BC, upon the 
— \ oppolite fide AB. 


+1. | oppoſite the extr. s, AC+s, A+cocar.s, BC 10 2, B <or S 
7 * | B mean. With AC and A find "6D by caſe zd, r and with CD and BC find B by caſe 5 
other given do. < or > go. ' 


nde The kind of B may however, for the moſt part, be determined by this propoſition. 


4 | The ſum of the given ſides AC, BC, and the ſum of their oppolite angles A and B lie hoth 
AC on the ſame ſide of 180%, that is, will both be leſs or both greater than 1800 at the ſame time. 


3 


* — 4 


— w | 
— Ya — — — 


From the required 8 ACB let fall the perpendicular CD upon the Spies ſide AB, 

e AC+t, A—10=cot, ACD Sor S go", as AC and A are like or unlike. 

; ACD $256: 6 ACD + 8 yo 85 we 5 50 —35 c, BCD > go#, if one of, or all the 

and an angle three terms ACD, AC, BC are > 90?; otherwiſe < 9go?. This value of BCD will be near 
1811  angle-. enough the truth unleſs it be very near o or 180%. In that caſe with AC, and A find CD by 

1 | ACB caſe za right-angled ſphexics, and with BC and CD find BCD by caſe 6 do. 


a | | Then ACD = BCD = ACB doubtful on account of the ambiguity of the Sens; which 

| uncertainty may however, for the moſt part be obviated by one of the two following rules; if 
the ſum of the ſegments ACD, BCD > 180? take their difference; if the ſecond ſegment BCD 
is greater than the firſt ſegment ACD take their ſum for the angle ACB. 


oppoſite oe | | 


— 


r 3 2 * n . 2 4 1 


0 
— 
— 8 AM. * "wo 
—  — — * 


BC | | Let fall the perpendicular CD from the angle C contained between the two given ſides AC, 
» I BO, upon the oppoſite or required fide AB. 
. t, AC c, A 10 = t, AD Cor ↄ o as AC and A are like or unlike, 
Techn . ap eee . if one of, or all | _ 
1-9 | - - fide | three terms AD, BC, AC, are & g; otherwiſe < go*. This value of BD will be near enough 
ES; AB tze truth unleſs it be near © or 186%, In that. caſe with AC, and A find CD by caſe 30 | 
| nn ſpheric triarigles, and with BC and CD find BD by caſe 4 do. | | | 4 
AD BD = AB, doubtful on account of the ambiguity of the ſigns, but may for the moſt 
part be determined by one of theſe two rules. If the ſum of the ſegments AD, BD is greater 
than 180, take their difference; but if the ſecond ſegment BD is greater than the firſt ſegment 
AD, take their ſum for the fide AB. * 


Ny - i C » 5 P : 
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| GIVEN 


[ 50 J a 


2 
T ABLE of ACCURATE SOLUTIONS © of OBLIQUE SPHERIC TRIANGLES by LOGARITHMS continued; 
CASE| REQUIRED DDr 4. 
The fide | 12 2 N O from the angle C not 
BC 
e ee | Bo { wean. WAR AG and A kad CD by ci 3 Acleagled ſpherics, and with C and B find BO by 


Two angles 
A, B, 
and a ſide 
AC 


oppoſite one 


of them 


other given 
angle 


A 


caſe 16 do, < or > 90% 


The kind of BC however may for the moſt part be determined by this propoſition ; the-ſum 

of the given angles A, B and the ſum of theit oppoſite ſides AC, BC lie both on the ſame fide 

of 180%. If this rule is not ſufficient, or no other means are given to determine the kind of 

BC in this problem, it will be impoſſible to determine the value of the other parts of the triangle 
by the ſolutions of the two following problems. 


* aw th. 4 


* * - _ : — — — 


11 


| 


I2 


Let fall the perpendicular CD from the angle C not given upon the oppoſite or required 
ſide AB, 
e, At, AC— 10=t, AD Cor > g a A and AG are like or unlike, 
AD+t, A + cot, B- 20 
AD — 4 A + cot, B — 30 } = 5, BD < or > . 
This value of BD will be near enough the truth unleſs it be near 90 In that caſe, with 
AC and A find CD by caſe 3 right-angled ſpherics, and with CD and. B find BD by caſe 14 do. 


AD = BD = AB doubtful, on account of the uncertainty of the ſigns as well as of BD, but 
may often be determined by one of theſe two rules. If the ſum of the ſegments AD, BD be 


greater than 180? take their difference. If the ſecond f $a be greater'than the firſt 


AD take their ſum for AB. 


wi ** 8 A a * 


The third 


angle 
ACB 


Let fall the perpendicular CD from the required angle ACB upon the oppoſite fide AB. 
c, Ac rt, A 10 = cot, ACD or > 9 as AC and A are like or unlike. 
ean. % ACD 5 B e, A—1 
ACD S 40 eb e Be, = 4, BUD Cor > goÞ 
This value of BCD will be near enough the truth unleſs it falls near 90%. In that caſe with 
AC and A find CD by caſe 3'of right-angled ſpherics, and wen: CD and B find BCD by 
caſe 15 do. Cor > 90% 


ACD =: BCD = Ach doubtful, on account of the ambiguity of the 1 as well as of BCD; 
but may often be determined by one of theſe two rules. If the ſum of the ſegments ACD, BCD 


> 180), take their difference : if the ſecond "—_— BCD be "my than tha-keſt ACD take 
their ſum for ACB. 


"REMARKS 


1 
RE MAR RS on the foregoing SOLUTIONS. 


The foregoing ſolutions are contrived to produce accurate reſults in all caſes, that is liable to no 
greater errors than what might ariſe from an error of , of 4 ſecond in the things given, whereas the rules 
commonly given by trigonometrical writers are frequently ſubje& to conſiderable errors. The principles 
of theſe ſolutions are the ſame with thoſe of right-angled ſpheric triangles, which have been explained 
in the remarks following them. 0 : 

It may be uſeful however to ſhew the reaſon of the preſent folutions independent of thoſe explanations, 
| although it may appear partly a repetition of what has been mentioned before. 

The errors occuring in the uſe of the common rules have two ſources; the one an inaccurate way of 
taking out the logarithmic ſine or coſine of the firſt arcy when the tabular difference is large; the other 
the uncertainty of the required arc found from its ſine or coſine, when the tabular difference is ſmall. 
In moſt of the foregoing ſolutions the firſt ſegment of the baſe or vertical angle, found by the firſt: opera- 
tion, comes out either by a tangent of a cotangent, and therefore may be obtained to the exactneſs of a 
ſmall fraction of a ſecond by theſe tables of logarithmic fines and tangents, which go to ſeven decimal 
places of figures, even where the logarithmic difference is ſmalleſt, as at 455, where 42 anſwers to one ſecond. 
In the ſecond operation the logarithmic ſine or coſine of the ſame arc or angle is made uſe of; and as the 
difference of the fines of ſmall arcs and coſines of large ones is conſiderable, it will be neceſſary, where ſuch 
are concerned, previouſly to compute the firſt ſegment from its tangent or cotangent to a minute part of a 
ſecond, in order to get its logarithmic ſine, or coſine true to the neareſt unit in the laſt place. In fact, if 
decimals ate tiſed, as many ſhould be taken as the logarithmic difference of the fine or coſine has places. 
Thus in this caſe two operations are required, each attended with ſome trouble; to ſave which and till 
preſerve. the requiſite exatneſs, the following method is uſed in the foregoing ſolutions. Let A repreſent 
the firſt arg or ſegment, whoſe logarithmic tangent or cotangent is given by the firſt operation. Find the 
value of A from the table with the fractional part of a ſecond expreſſed by a vulgar fraction, having the 
difference between the given logarithm and that of the next leſs value of A in the table for its numerator, 
and the difference of the next leſs and greater logarithms in the table for its denominator; or by a decimal 
fraction carried to a ſufficient number of places. Then if the logarithmic tangent of A is given by the 
firſt operation you are in the ſecond operation for log. ſine of an extreme arc A or one nearer 0* or 1802 
than gov to uſe L. t, A + L. c, A 10; and for log. coſine of a mean arc A or one nearer oe than o or 
180” to uſe L. fine, A + 10 — L. t, A. But if log. cotangent of A be given, then for log. ſine of an extreme 
arc A to uſe L. c A + 10 L. cot, A; or for log. coſine of a mean arc A to uſe L. s, A + L. cot, A — 10: 
where no more logarithms are required to be looked out than by the common rule, becauſe log. tangent of A 
orlog. cotangent of A are already given by the firſt operation, The logarithmic ſine of a mean arc,or logarith- 


mic coſine of an extreme arc is however ſtill to be uſed in the ſecond operation agreeable to the common rule. 
1 5 bel | 


SN ws e 


; 6 1 2 X : „A* Rad. 5A 
This method is founded on theſe theorems; s, A = ANC = —— _ Rec; and Cy Aubin a Le F 


t, A Rad. 
and on this conſideration that where the logarithmic difference of the ſines is large that of the ales i is 


ſmall, and the contrary. Hence the logarithmic ſines or coſines uſed according to this method in the ſecond 
operation will be readily taken out on account of the ſmallneſs of the difference, and frequently even by 

inſpection; and the difficulty 1s obviated which might, occur by the conimon method when the firſt 
ſegment is near o, or 180, or go; and thoſe caſes are rendered the eaſieſt which before were. nioſt embar- 
raſſing. In like manner it may be expedient generally in trigonometrical calculations to find the fine of a 
ſmall angle or coſine of a large one from its tangent or cotangent, when they ſhould happen to be given 
by a preceding operation. This method does not indeed increaſe the accuracy of the reſult; but prevents 
the danger of miſtakes, and leſſens the labour of calculation by ſubſtituting the proportioning ſmaller dif. 
ferences inſtead of larger ones. 

The other error which may ariſe from the uſe of the common rules, ind which bippens d the 
required arc comes out by a ſine or coſine, and the tabular logarithmic difference for one ſecond of the 
arc is ſmall, can be obviated no other way than by having recourſe to ſome other rule, which ſhall bring 
out the arc by a ſine if the common rule gave it by a coſine, or by a coſine if it gave it by a ſine; or in 
either caſe by a tangent or cotangent. This method therefore has been adopted in theſe caſes. Thus by 
the uſe of theſe ſeveral methods, varying from the common rules as often as occaſion requires, the 2 
ſolutions have been rendered ſufficiently accurate for the niceſt practice in all caſes. 

Theſe improved ſolutions have moreover this very great advantage attending them, peculiar to thim- 
ſelves as applied to theſe tables of logarithmic ſines and tangents to every ſecond of the quadrant, that they 
give the reſult true to the exactneſs of a ſecond or very little more, in the moſt uſual caſes, by only taking 
out the logarithm anſwering to the neareſt ſecond of the arc, or the neareſt arc to the logarithm, by inſpec- 
tion, in the tables, without making any proportion for the logarithmic differences, or taking any account 
of the fractional parts of a ſecond? which conſiderably leſſens the labour of computation, and at the fame 
time entirely obviates the danger of miſtakes in thoſe operations. In extraordinary caſes, ſuch as where 
one the ſides of the triangle is ſmall, the reſult indeed will not always come out ſo exact; but the error, even 


when apparently conſiderable, will be of no conſequence in practice, ſince it will be no mote than what 


1 ariſe from an alteration of a ene any of the N given. # 


TABLE of ACCURATE SOLUTIONS. of a RECTILATERAL SPHERIC TRIANGLE, 


1 


or having one ſide — to go, Fuck LOGARITHMS. 


- | 3 1 | WALITY}]. | 
GIVEN CASE KEQUIRED of Things 8 os N. 
1 : i% -JREQUIRE 
Hypotenuſal 13 | 1 | ff 
1 1 | Other ſide BC | +4 - * e, C+t; AT 10 = cot, BC o/ 
angle C, —* 1 7 | 
2 Adj. angle A | - - t, Ce, AC 10 = t, A | 2 
and one ſide 834 "MN | 
| 8 tr. s, 8, —10. 2 8, A : x” | 
3 [Oppoſite angle B [© ; * 
5 * 1 _—_ t, CT e, AC - 10 t, A Ine STA -en. AC 
Hypotenuſal 4 Other angle B — c, C+10-c,A=c,B 
le C. extr. t, A- C＋t, ATC 0 5 
angle C, WE: "$36; 244 
3 | Oppoſite fide BC _ Fextr.. | 6% A*+10—s, C=, BC* 
2 f 4 * | | 5 1 x C | 
and one angle | mean . — 12 t, Z like A; and 2 Z — 90 = BC 
| | | cot, C+t, A- 10 = c, AC 
A 6 JAdjacent fideAC| JP jj =. IT6 1 
| 1. I extr. : _ 2422 *% A EE a cot, $AC ? 
One angle! Other angle B 8 „ A+t, AC*—10 = t, B® 
A, .| 8 [OppoſitefideBO (nean e, A* +3, AC—19 = c,BC* | 
and adjacent fide SITES extr, s A+t, AC—10=t, B 3 te- 
- AC. 185 0 cDNA K t, A +10=c, AC =t, C 2 
Both angles, 10 A ſide ſuppoſe AC — s, Acot, B*—io = cot, AC* * — 
Aan B I Hypote. angle C mean e A+c, B— 10 S c, ; 
| 13 AC+cot eee 
Both ſides * Lan. 2 ee = cot, 10 
AC and BC . P BC#* + 10—3s; AC = Cc, A* ; 
13 An angle ſuppoſe 8 93 BT 
FF 1 = cot, 4 C chen t, Ce, AC—10 = t, Alike BO 
eee ee ee 9 eee 
| N 1 — == 
—_—— OY OY GPs 6 | Find BC by caſe 15, or C by caſe . 
Fan b ö | then en e, BC 10 — *, AC, or c, CT to — c, B= c, A. Otherwiſe, 
AC, 6 | | is | = 85 — db BAC t, X C and A = 3X —gotor 270%=3.X 
* 2989 , — horn tht ere hy ' 
-" 4 . AC — B= „ BC'<or> 
and oppoſite 15 Adj. fide BC | _ N * ae 14, or C by caſe eee che fartheſt Grom * 
angle a a then c, A+s, 1 6 abnfd. or t, BT cot, C-10=c, BC Otherwiſe, 
| 3 IL - 1 15 
16 Hypote. angle C| I tr. 85 B+ 0—4, NE ou | "TK. , 
. mean | Find A by eat 14, or BC by caſe 153 and cher the furtheſt from gs . 
ö 3 F 1 1 then c, A Fe, 3 or t, B+10—c, BC=t, C. Otherwiſe, | 
| 25 . 1 4 | t, LEE B+ 23 — 55 t. 2 < 90⸗5 and and C 28 2-90, or 2702 2 
| f Y [= df | 
— NES —— ; 
- 4 * 2 
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REMA R X S neceſſary to explain the USE 95 the habe TAB LE. 


| 


The two quantities, whether arcs or angles, marked with aſterics, in the * equation, are e both of 
the ſame kind, that is both at the ſame time leſs or both at the ſame time greater than 90. The three 
laſt caſes are doubtful, ſince it cannot be determined from the things given alone, whether A, BC, and C, 
are leſs or. greater than go". In the remaining caſes, if the two things given; whether arcs or angles, are 


of the ſame kind, the thing required will be greater than go; but if they are of Ant kinds it Fill 
be leſs than go?. | 


\ The ſolutions are founded on the ſame 8 as thoſe of cht an ſpheric triangles on page 8, 


and are equally exact with them; this rectilateral ſpheric triangle being the ſupplemental triangle to 
the right-angled one. | : 


*# 


* 


Here follow fifteen Problems, . with their Solutions, „ the 2 1 8 
LOGARITHMIC TABLES. 


I. To find n mean proportionals between two quantities a and b, of which b is the leaſt ? 


Solution. The mu. mean proportional reckoned from b is b * — rr, and the m. mean propor- i 


tional reckoned from a is a & Ts = a+ Tr 


* 


By logarithms. Multiply the difference of the logurithink of a and b by the fraction = f — * the product 
added to the logarithm of b will give the logarithm of the m®. mean | proportional reckoned from b, 


or ſubtracted from the logarithm of a will give the logarithm of the mi. mean proportional reckoned 3 
from a. | | 


' . a | 
— 4 . 


* 
: 
A. ä _ —_—_ EY r — 
— * —_ _— — » — 
0 
- 
* 
© 4 0 - 


II. The hen of a and b being given, to N. the 8 of a+b? 


By logarithms. L-b e =L. ton.” Then I. T6 L. S e eee "A 


Uſe the firſt exprations if 2 is an extreme arc; and che ſecond G r if it is a mean arc. 


— — — * — 


. * 
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III. The logarithms of a and b a given, to o fn the logarithm of a ny : 


Solution. v. wa Then a - b a * e ee — 
—— HS + oy 


By ee Put — == L. 87 T. Then L. a | —b = L. a bag 2 L. G z—20 


1 8 } 
IV. The. logarithms of a and b being given, to find the logarithm of Ya + b* ? 


Solution. Put 2 = t, 2. Then a*+b* =a\'1+=>=aXfſec,z =b x coſec, 2 
By logarithms. Put L. bo- L. a- L. t. z. Then L.y/ a*+b'=L.a+10—L.c,z =L.b+10—L.s, 2. 
Uſe the firſt expreſſion, if 2 is an extreme arc, and the ſecond if it is a mean arc. | 


* 


* 
— 
— 


. WW. 
—— . 


— —— —V— 


v. The logarithms of a and b being given, to find the logarithm of Ya b*? 
Solution. Put * = 8 2. Then / a*—Þb'=avV x —_== = A X C4 2 
By logarithms. L. b 10 L. a L. s, 2. Then L. VAD L. a L. c, 2 10 


* 


LA * — 


m mꝶmꝶmme e 


* 
r 7129 


VI. The logarithms of a and b being given, to find the logarithm of NF a + b ? 


Solution Put V= = ty 2. Then Ya VX V aXy 1 Xt 
put EEE 
2 


_ 


Bylogarithms. L. t, 2. Then L. VAT =I. a 4 10— L. ca 2 b Il ba 10—L. s, z. 
Uſe the firſt expreſſion if z is a ſmall arc, and the ſecond if 1 it is a large one. 


— 


— _ 


VII. The logarithms of a and b being given, to find the logarithm of y/ a — b? 
Solution. Put V2= s, 2. Then Ta- b NVA Xv 1 —— Xy/ 1—$,2=4/ ac, 2 


By logarithms. put Der EL. s 2. Then L. . + L. Cy 2 — 10. 


8 


— 
_ * — 3 — — 


"_ 


VIIL The logarithms of a and b being given, to and che nn of a bla. and the lo- 
garithm of 77 R=, and alſo the logarithm of TE Ds — TDD > 

Salmen put 5, 2; and b Tf 20% t, u. Then FEB2= Nerf t 
x cot, u, or ING c . u. Hence a + BU K Ab = 25 X cot, u t, u; and a T 5. + a—b> | 
= 2XG Ds X 2 x colecy 2.u3 and a + b 8 Ne N cot, a u. 1 8 81 

By logarithms, Put L. b + 10 — L. a L. „ 23 and r & L. t, 45 . u. Then 
1. TE = X LATTL 2 TL 45? 45" 12 —20, bs | 1 
And L. X Bs D LE „ eee 2. 
And 1. 3+ JJ + Locnyen — 50. 


ST. 0 1 84 = * 
* 4 
5 IX. Th 
ts : . * 9 22 * 8. 


= — — —— — ⁰⏑—K4 * — 


ber of which, if m and n be whole numbers, and the fraction — be in its leaſt terms, will be equal to the - 


{ 56 ] 


IX. The n of a and b being given, to find che power of the impoſſible binominal a + Hb 
whoſe index is I that is, to find a + 4 — D by another impoſſible binomial; and thence the value of 
5+ —bJ= 45 a -b, which is always poſſible, whether a or b be greateſt ? 


Solution. Put 2 —= t, 2. Then a + þ o/ Ie = ab» n X G- „ 2 4 * 2 2. Hence 4217 * — b 
+a —y — = 


b 2 c, 2 A K ſecz 05 X26 © = z=b X colec, N 2 ch * 23; where the 
firſt or ſecond of theſe two laſt expreſſions is to be uſed e as 2 is an extreme or mean arc; or 


rather, becauſe is not only the tangent of 2, _ alſo * 2 + 360% 2 + 17 &c. therefore the factor 


in the anſwer will have ſeveral values, viz. 2 c 2 211 82 & — A XZ + 3603 2 8 ＋ = X z + 720* &c. the num- 


denominator n; otherwiſe infinite. 


By logarithms. Put L. b + 10=L. 2 L. t. z. Then L. 4 ＋ —b\- + n 1 


L. a1 10 — L. cz L. 2+L. c, - 2 — 10 = X L. b+10— L. 5, 7 8, Z+2+L. 85 — 103 where the firſt or 


ſecond rare 1s to be uſed, FN asz is an extreme or mean arc. 1 by taking ſucceſſively, 


L. c 5 L. > " X 7 2 + 360; L. c, > 5 = X z + 720 c. There will ariſe ſeveral a anſwers to the 
queſtion, agreeable to the remark aboveee. | 8 


lll _— 
by * 


X. To find the roots of a quadratic equation, when poſſible? | Mea de nes; 


There are four forms of quadratic equations. Theſe with their {olutions are given as follow? + © © 


1. X*—PX—q=0 25 = ty 7. Then iſt x E x tyz & cot, 2; and ad x x tz „ t, 12 


* 


2. * ＋ PX - q S O The roots of the ſecond form are negatives of thoſe of the firſt, 
„* —Px&+q=ms9 LI = $52. Then iſt x = E ＋ * 5, 2 X cot, 3 2; and ad 1 2 2 TX 5, Z * 
4. Xx T PX TSO The roots of the fourth 10 are negatives of thoſe of the id. | Ru % 


The roots of the firſt and ſecand forms are always poſſible. Thoſe of the third and fourth forms 
are alſo poſſible if = is not greater than unity; otherwiſe they are impoſſible. _ | . 
N Fart . L. 2 ＋ 1 L. q 7 10 — L. p L. t, 2. Then 4; ft. . 


=L = + L, ty 2 + L. cot, 4 2 — 203 and L. ad. x, negative = L. = + L: to . 1226. 


Form 2d. Its roots will be negatives of thoſe of the firſt form. * 


Form 3d. L. 2 +4L.q ＋ 10 — L. p L. s, z. Then L. 1ſt. e +L-%2+L: col 203 
and L. 2d. x, poſitive, L. & + L. 5, 2 + Let 12 = 20. | 1 1 
Form 4th. Its roots are negatives of thoſe of the third form. a Do OC III ᷣͤ 


If L. 2 T L. q ＋ 10 L. p comes out greater than . the roots of the third and fourth n 


1 „ xI. S, 


p 
. 
I 
fo 


EE | ! 
XI. Solution of Cubic Equations. 


The following method is adapted to a Cubic Equation, wanting the ſecond term; therefore, if the 
Equation has the ſecond term, it muſt be firſt taken away in the uſual manner. There are four 
forms of Cubic Equations wanting the ſecond term, whoſe roots, according to known rules, equivalent 
to Catdan's, are as follow: $i | | 


* = A 
x == =E+TEFE— —— 


x = 3 + FEE + 4s VE 


= 


x = —/L<VEZE—ITTE=L 

The roots of the firſt and ſecond fone are negatives of each other; and thoſe of the third and fourth 
are alſo negatives of each other. The firſt and ſecond forms have LOOP root each. The third and fourth 
forms have alſo only root each, when the quadratic ſurd = —# is poſſible; but have three roots each 


when that ſurd is Moe. The roots of all the four 55 may, in all caſes, be eaſily computed as 
follows : > | 


ft. x'+Px—q=0 > = 


24, X T PX TRA S - =« 


34. e — 6 


465. x PX T So py — 


Firms „ put 4 & N = t, 2; and . u. Then x = + „Ax cot. 2 u, where 
the upper ſign belongs to the firſt form, and the lower ſign to the ſecond form. 

Forms 3d and 4th. Put 5; x N if < unity, elſe its reciprocal > x + = Cy 2. | 

Caſe iff, > xD < unity Put Vt, 45 — i 2 = t, u. Then 22 * coſec, 2 u; where the 
upper ſign belongs to the third form, and the lower ſign to the fourth form. 

Caſe 2d. 7 „d unity. x has 3 values, in each form; vir. SK VA „ * ty 60. — = 
F N 2 * c, bo + 
fourth Forms . 

By logarithms. {an 7 and ad. L. = + 10 ——X 1. 2 — L. t 23 W LEED $10 L. ty u 
Then L. x = 111 + L. cot, 2 10; and x will be afirmative in the fr form, and ne! | 


ſecond form. 
Farms zd and 4b. A KL. X + 10— 35 ® being leſs than 10 ( which is caſe 0 0 Wo; 2 +10 X 


; where the upper ſigns belong to the third form, and the lower ſigns to the 


I. = being leſs than 10 (which is caſe 2d) L. 7+ 


Caſe of ETL. t u. Thay Ie 2x0 dnt +105 Lv 2 ut and « will be affirmative 


>the third forms dd equiv in the Fourth form: i 1 nh TO 


* 


138 }- 


Caſe 2d. -x kasthifeevaloes; LEES 2 + Li to. ML. Fx=+ L240 60>. 


3d L. IX IL. A + I. c. 60% + ——10; where the upper ſigns belong to the third formy and hs 


lower ſigns to the fourth form; chat 1 is the firſt value of x in the 3d form is poſitive, and its 2d and 
3d values negative; and the firſt value of x in the fourth form is 3 an d its 2d and 3d values 
affirmative. | | | 


+ © SIM 
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XII. The altitudes of the barometer at two ſtations, with the heights of Fahrenheit's thermometer at- 
tached to the barometer, and the heights of two thermometers of the ſame kind, expoſed to the air but 
ſheltered from the ſun at the two * being given, to find the R altitude of one ſtation 
above the other ? 

Pur B for the obſerved 1 8 of the barometer at the lower Anden and b for that at the upper ſtation, 
D for the difference of height of Fahrenheit's thermometer attached to the barometer at the two ſtations, 
and F for the mean of the two heights of Fahrenheit's thermometer expoſed freely for a few minutes to 
the open air, in the ſhade, at the two ſtations. The altitude of the upper ſtation above the lower, in Eng- 
liſh fathoms, will be expreſſed as follows, according to the reſpective obſervations of M. de Luc, the late 
General Roy, and Sir George Shuckburgh, in which the upper ſign — is. to be uſed when the thermometer 
attached to the barometer is higheſt at the lower ſtation (which is moſt uſual) and the e bgn + 
when it is loweſt at the lower ſtation. 


M. de Luc - +» L LD x 1+F= o* x 0,00223 
General Roy = =< = L.B—L.bF0,468D x 1 +F= 32® x 0, 00248 


Sir George Shuckburgh L. B — L. b X 0,440 * 1 17 — 329 X ©, 00243 


Mean of the two laſt » EL F ©, 454 D x 1 + F * 0, 00244 
The obſervations of General Roy and Sir George Shuckburgh' having been made with barometers | 
and thermometers conſtrued and accurately divided by Mr. Ramſden, and with the detatched thermo- 
meters never expoſed to the ſun, appear to me clearly to deſerve the preference above thoſe of M. de Lucy 
who however, it muſt be acknowledged, has done great ſervice to ſcience by his i ingenious . labors and 
conſiderable improvements on this ſubject, as well as by exciting by his example the two other accurate 
obſervers to inſtitute ſimilar obſervations to his own, and with ſuperior advantages in point of inftru- 
ments, in ſome meaſure to ſurpaſs himſelf. I have therefore, after the ſymbolical rules, ſuited to the 
experiments of all the three obſervers, ſet down a fourth rule, by taking a mean of the rules of the two 
latter obſervers. I ſhall now ſet down the ſame i in common FRIED in order to T_T is calculation 
more generally practicable. 


2 2 f 


Take the difference of the tabular oguriliina of the obſerved heights of the W at the * 
; ſtations, ene the * firſt ares excluſive * the index, as Whole numbers and the recaining 


Mx 


I #1 


figures to the ght as deciriials, and ſubtract or add 44" of the difference of altitude of Fahrenheit's 
thermometer attached to the barometer at the two ſtations, according as it was higheſt at the lower or 
upper ſtation 3 thus you will have the height of the upper ſtation above the lower in Engliſh fathoms, 
nearly; to be corrected as follows: Multiply the height found nearly by the difference between the 
mean of the two altitudes of Fahrenheit's thermometer expoſed to the air at the two ſtations and 32%, and 
by the decimal fraction 0,00244 3 the product will be the correction of the approximate height, which 
added to or ſubtracted from the ſame, according as the mean of the two altitudes of Fahrenheit's thermo- 
meter expoſed to -the air Was higher or lower than 32% will give the true height of the upper ſtation 
above the _ in Engliſh fathoms ; which multiplied by fix, will give the true height in Engliſh feet. 


4 * 1 _— .—- DOC ti LM ** FP 4 th = r is. A 
_ - _= = * 4 i 
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| XIII. The right 3 and declination of a celeſtial biet together wr the * of the 
eclipticy being given, to find its longitude and latitude ? _ 

Put L. t, deck. + 10 — L. s, X L. t, A; N. North or 8. South, as declination is. Call O the obli- 
quity of the ecliptic in ſix firſt ſigns of &, 8. or South; : 1 in laſt ix ſigns N. A Sap 7 + O, n 
according to their ſigns, as in algebra, = B. 2 


Extr. co-ar. L. e, A + L. "4 £7 2 1 5 2 | " | | 
4 — t AT ear. L. 8, A Ec, BA L. 1 L. t, long. of the ſame kind as Ry unleſs B be more 


than go?, in which cafe the quantity found of the ſame kind as & ſubtracted from 12 ſigns will give the 
longitude. Otherwiſe, long. will be of the ſame kind, or in the ſame quadrant of the circle as & is, unleſs 
B exceeds 90%, which can only happen when A is in ad ſemi-circle.. Then, if & be in 3d quadrant, or 
from 6*to 9, longitude will be in ad quadrant, or from 3˙ to 6, and the operation will give L. cot. exceſs of 

long. above 3'. Or if & be in 4th/quadrant, or from 9* to 12', longitude will be in Iſt ee ; and the 
operation will give L. t, long. under 3', or in iſt quadrant, 


Mean L. s, long. + L. t, B — 10 
Long. Leas L. „g 1 +L.t, 50 Len. of ſame name as B. | 


134 * 
1 


- 
\ A * 
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XIV. The 8 and latitude of a celeſtial object, wih the obliquity of the ecliptics wn given, 
to find its right aſcenſion and declination ?* _ 
Put L. t, lat, + + 10 — 1. 85 long. . t, A; N or 8 a8 latitude is. Call O the obliquity of the 


ecliptic, | in firſt 6' of long. N. and in laſt 68S. A 0. found according to their ſigns or names, as in 
algebra, = B. 


Taz Rn YE TOY T9 — 10. Hg 
4 t, A + co- ar. L. eite Long „ kind as 1 — B be 


more than go, in which caſe the quantity found of fame kind as long. ſubtracted from 12 will give 
— A. will be of the ae or in the ſame quadrant of the dice as the long. is, 
| : h | _ unleſs 


1 60 ] „ 


unleſs B exceeds 90, which can only happen when long. i is in ſt ſemircircle. Then if long. be i in * 
quadrant, & will be in 4th quadrant; and the operation will give log. cot, exceſs of & above 9. Or if, 
long. be in ad quadrant, a will be in It * and the e will Ye L. t, exceſs * FY 
above 6. | 


nn | (His. 434" thats $a; 
Extr. L. t, R + L. „en Bn 0 121. ty declin. of fame natde as B. 


? 


„„ Mit 5 m 


N. B. The longitude and latitude of a planet or zodiacal ſtar found by Problem XIII. and its right 
Ne and declination found by Problem XIV. will be true to a ſecond or a very little more in all caſes, 
by only taking out the logarithms for the neareſt ſecond, and the neareſt ſecond anſwering to the logarithms, 


without proportioning for the differences of the logarithms, or for odd parts of a ſecond; and although 


the error in a ſtar's computed longitude or right aſcenſion may be augmented to many ſeconds, if the latitude 
or declination be conſiderable, yet as this error is meaſured upon the ſtar's parallel of latitude'or parallel 
of declination, which grows {ſmaller and ſmaller as the latitude or declination increaſes, the real error of 
the computed place of the ſtar upon the ſurface of the ſphere will not be greater in this caſe than the other, 
that is not above a ſecond or a little more. Now as the right aſcenſion and declination of a ſtar or; planet 
given by the beſt inſtruments, and by the moſt accurate obſervations, namely thoſe on the meridian, can- 
not be depended upon nearer than five ſeconds, and oftentimes not nearer than twice that quantity, it may 
ſeem ſuperfluous to puſh the calculations to a greater exactneſs than this of a ſecond or a ſecond and half, 
which may be attained by this eaſy and compendious method of taking out the figures' by ſight from 


theſe Tables of Logarithmic Sines and Tangents to every Second of the quadrant, which will much 


abridge the labor of a very important part of aſtronomical calculation, and thereby excite Aſtronomers 


to diligence as well in making as reducing their obſervations. See the principles of this campen. 
Practice explained page 31 and 52 of theſe Precepts. | © | 


— — 
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XV. The moon's obſerved diſtance from a ſtar or the ſun, with the altitudes of both, and the moon's 


7 parallax being given, to find their correct diſtance cleared of refraction and patallax ? 


iſt. To the log- ſine of the moon's horizontal parallax add the log- coſine of the moon's apparent 
altitude, uſing five decimal places of the logarithms ; the ſum, abating 10 from the index, i 1s the log-ſine 


of the moon's parallax in altitude, from which ſubtract the moon's refraction taken with the moon's 


apparent altitude out of Table I. ( Requiſite Tables) and you will have the correction of the moon's 


altitude. Add this to the moon's apparent altitude, and you will have the moon's true altitude. ——Alfo 


with the ſtar's apparent altitude take the ſtar's refraction out of Table I. which ſubtract from the ſtar's 
apparent altitude, and you will have the ſtar's true altitude. But if the moon's diſtance was obſerved from 
the ſun, with the ſun's apparent altitude take the refraction out of Table I. and his parallax out of Table 


J 


III : 
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| 
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| 
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III. and take the difference, and ſubtract it e the ſun's apparent altitude, and you will have the ſun's 


true altitude. Take the difference of the true altitudes of the moon and ſtar, or moon and ſun, and the 


difference of their 1 44 altitudes. 8 


© b 
- 0 . - - 


c 2dly. Take half the ſum and half the difference of the apparent diſtance and difference of the 
apparent altitudes. | 7508. 15 3 oh N . 2 


3dly. To the log-ſines of the above half ſum. and half difference add the log-coſines of the true 
altitudes, and the arithmetical complements of the log-cofines of the apparent altitudes and take half 


7 . 
Ls 


the ſum. 5 Ty git 1 . ee 


4thly. From this half ſum take the log-ſine of half the difference of the true altitudes, and look for 
the remainder among the tangents, and take out the correſponding e without taking out the 


arc, which'as u ᷣ | of BORE 1117 PENAL | 
thly. Subtract the d log coſine from the log-ſine of half the difference of the true altitudes 


increaſed by 10 in the index; the remainder will be the log-fine of half the true diſtance. 
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| ? — Co-ſfineof 7 : 3 2 0246 read 62488 in about 168 copies. 5 
X Sine of 8: 30 5 read gie 300 3% in about 120 copies. 8 
i Dd Co-ſine of 11 7 34 for 7697 read 7597 7 
4| — Co.ſine of 11 12 39 for 6330 read 6329 
þ Ee Co-fine oe 12 35 ” for 9991. 9594 read 9991. 0594 in about one quire. if r 
| — Tangent o 11 44 13 5674 read 5673 » 
10 —— _Co-tangent of at 44 13 2 We” 4327 3 doubtful whether a few copies are errSneods of not. 
| X Tangent of 14 10 A rule under 100 at top of page, in one ſheet. 
* o Tangent of 1 16 o 3 for read 37 No 
* 5 Co- tangent 16 24 34 for 9220 ve, 9g ˙¹¹ο,j ; * :EI᷑I„:; $7 2" 2 EL 
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Yy Sine of 20 15 4968 1 74969 in 18 impreſſions. N 
Zz Sine of 69 29 read — 29 in about 25 impreſſions. . 
Bbb 88 1 21 39 18 for 17750 read 1670. 1 | 
—— — Coe-tangent 21 49 for 9867 read 9767. \. : 
Co-tangent of 21 2 1 for 3322 read 4322. in about 107 impreſſions. . ” > 64 
— Tangent of 21 39 2 Fl o1 33 read 0233. , 
K. * * Ddd Sine of 67 — read 4 | | 
Ff Errors of ſignature, in 1 copies. | 7 „ He REO Re IH ie cp IS 
——— 4th page, for ſine read coſine and for coſine read fine, in 3 copies. i N 
77 Tangent o 24 10 25 1152 read 1151 | n Ne 
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; —— of 29 $2.18 Jr 3908 read 1905 8 in copies. g is; e 
? - angent 30 13 38 4079 read 4078 0 8 ö 
—— Co- tangent of 0 13 38 for 364; read 1 a 47. en 
* The ſegnature wanting in about half the imprethon. 
4 —— Co-tangent of W.06 4 5 read 6909 in 2 4 copies. 8 
— Co-tangent of 32 59 op of. column for 178 read 187 in one copy. . | 
4M Sine of 38 1s 17 for 7020 read 8020 in about d of impreſſion. j | . 
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Number 38000 to 38699 
Logarithm 589 7836 7 587 6997 
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79508065 8293118407 8636087 5018864 
920702 104355 50[9664/97 78/989 50007 
0350 0578110092 0921010351149 
1492 172011834 206321772291 
2633 28622976 3204331803432 
3775 400304117 4340044004574 
4916 514405258 487560105715 
59436057 62856399 8. 6855 
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Number 39400 Yo 40099 Number 40100 7o 407 99 

Logarithm 595 4962 70 603 1335 Logarithm 603 1444 t7 610 6495 
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3995 1685277538549 4/5603 [57110682050 29 6037146 40651609 060510712/0819/0926[103 140/2463 53]1400]1 567 
90 d 588838775 48708655 6798 "by pf IG 66 1674178188799 4½ 101208023 1 5/2421|2 528[203 5 8 b6 
97] 7341174507559 "pt 7776087885 7993 81082 1108319 6 2742/2 49/2955[3062[31691[32 761338213489 35903703} 

98 8428 8537] 45137 54188621[897 1190 0191881929719495 6 3809(3916[40231413014230114.34 3/44 59}4 5 571400314779 
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01 1686|1794|1903[201 1 233712445125 5412062 111. 1 71 8 2247331743807 54417051 2756 04179717} 11] 27 
02] 2771]2879]298 17 342213539303913747] 2| 22| 22| | 72 78]8184/8291[8398/8504/[861 1/87 18/8824]8931[9037] 2| 410 21 
03] "3950139044073/4r81! 457 514724149321 3] 33] 32] 7 9144192511935719404/957 111997 719784199901999/P 204] 3| 32] 32 

04 494115049]5 585266053 31559115700[5808[5917] 4 44) 431 1.7 610 0210j031710423[9539190371j0743|9850[095þ[1063] 170] 4 43] 42] 
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Number 40800 to 41499 Number 41500 0 42199 
Logarithm 610 6602 to 618 0376 Logarithm 618 0481 c 625 3022 
O 4 6 9 [D&PPts 2 516 | 9 
610 6602 7027 7240 7560 o690 too to 1423 
7666 8092 83040 86247 1737 20502155 2469 
8730 9156 9368 96872 2783/28 309603201 3515 
9794099 219 0432 92513 3828 414214247 4560 
9857 1283 1495 191414 4874 18808292 5606 
1921 2346 2558 28775 5919 6233 9337 6651 
2984 3499 3021 39406 6964 727807382 7696 
4046 65/4471]! 4684 50031 7 8009 8323/8427 8740[7;| 
5109/5215 5534 5746 500508 9054 936719471 978502 
61710627706. 6596 6808 712719 98 041100516 o829 3 
7233 7339 7055 7870 8189 1142 1455/1 560 187314 
8295 8719 8932 9250 2186 2499]2003 2916] 5 
9356/9402 9781 9993 0317 3229 354213047 39606 
0417/0524 0842 1054 1372 4273 455014090 500 / 
1458/1584 1903 2115 2433 5310 5 2915733 604 
2539 2963 3175 3493 63 59 667116776 o88]2 
35993700 4924 4230 4554 7401 71417818 131 
46604766 5084 5296 5614 8443 75668860 9173 
5720 61430496355 667307 9485 97980990 021 
6779 7203 741517: 7733] 2 0527 0840/0944 125 
7839/7944 81568262 8474 879213 569 188101985 2298 
8898/9004 9321 9533 985114 2678 292213027 3339 
9957006 0380 0592 0909] 5 3651 396314068 4380 
1015 1439 1650 1968] 6 4692 004 $200 $420 
2074 2497 2708 3026] 7 $733 6045/0149 461 
3132 3555866676766 4084] 6773 7085/7189 7501 
4189 4013 4824 51410 7813 81258229 8541]; 
5247 5070 $881 6199 8853 91651926 9580] 2 
630410 0727 6939 72 56 9892 oao4 O O 0620 , 
7301 7284 7990 $313 0932 12431347 1659] 4 
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9475 9897 0109 0425 300 33213425 3736 
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1807 2009 2221 2537 5086 | 39805 502 5813 
2643 065 3276 3593 6124 43606540 658510 
3698 4121 4332 4648 7162 747317577 7888 
4754 5176 5387 570% 8200 85118615 8926 
5809 6231 644210 6758] 1 9237 9548 9052 9963 
6863 7285 7496 781212 : 0274 058 50089 1000 
7918 8340 8550 8867 3 1311 16221726 2037 
8972 9394 9605 9921] 4 2348 265802762 3073 
| 0026 0448 0658 997515 3384 309513798 4109 
1080 1501 1712 2023] © 4420 473114834 $145 
2133 2555 2769 3081] 7 5456 576605870 1811 
3187 3608 3818. 413418 049116 680210906 72161 
4240 4661 4871 518719 7527 78371794 1]8044 + 
5292 5713 5924 6239 8562 8872/8976 9280 
6345 6760 6970 7292 9597 9997001401 141021710321]7, 
7397 502 28180892388 $344 0031 0942/1045 1355|2 
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Number 42200 to 42899 Number 42900 7o 43599 
Logarithm 625 3125 70. 632 4472 Logarithm 632 4573 to 639 4765 
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Number 43600 to 44299 Number 44300 t 44999 
Logarithm 639 4865 70 646 3939 L ogarithm 646 4037 to 653 2029 
N. 012340567189 Dif. IN. » 1421346789 Dp: 
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N43: o [EU 3ST 8 |'g N.] 8 2 7 
6220 800 71711723917 308}737 717440 7789 63900805 500950775 145/6212 5484 
20 78581792717995]8064]8133 8476] 1 g1] 5688057 565824 5164 
22 85451361 4|3682187 5 108820 91631 2 92 536806436 &coall 6843 
23] 9232193011936919438[9507 9850 3 93] 7047711 8071837251 7523 
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31 4723479248004 929 4998 53340 O1 247802 546026142682 2953 
32] 54090547805 546561556683 6026 O2 31571322 50329283360 3632 
33 6095]0163/0232/03016369 6712 03 383 5390339714038 4310 
34 6781808490 800860205 7398 04 451314581|46491[4717 4988 
6335] 746617535170031767217740 8083 6405] 5191/52 59.5327 7305 5666 
36 8152822008289 083 578426 8769] 7 of 869.5937 000 8000 5344 7 
37] 888370890689 74% 0430111 9454] 2 07 54701 5668306751 7022 
38] 9$52219591190591972819796 0139] 3 o8] y722511293|736117428 7699 
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51 4210849008 5 58086260869 5 9037] 7 21 2 6500 — 
52) © g10519173192421931019378 9720] 2 22] G6703416771]6838|6906 7176 4 
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6370 139414631 5311 5991667 2008 0 6430 88 59[8926|8994[906 1 9331/9398 $ 
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86 2289035742 549302 561 2901 50 9035 9702197701983 7 39101 
87 2909 3037[31951317313241 3581] 7 571810 0308[037510442/0510 711/07 7910846 
88 36491371 71378513853]3921 4261] 8 51 800 tO A811 0m 182 1384451015181) 
89 4329143971440 514 53314001 4941} 9 Te I P 720[1787|1855 2056[2123/2191]2258 
| | \ " 
N. 211 ALI 9. | Diff. N. o|1 2 624809 


N amber 


64600 70 65299 
Log 810 2325 10 814 9065 
N. I 4 9 | Dif. 
Gabo 2392 25272 5942661 28632930 68 
060 3065 320611333 353513002] 7 7 
62 3737 3938 4274] 2| 14 
63 4409 4610 497914946] 2] 20 
6 215081 5282 5018 al 27 
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39 511305180 524605313 5445/5 2 94890821 9 
05490 577758445910977 6109101 761624210309|6375 
40 $6441/65086574|6641 677310840[0906(697 3/7039 
42] 72105 72387305 743717 594 7030/7793 
43 7769 79027968 810108 16782348 30008367 
44 8433 85668632 876518831 89649030 
6545 9097 16302299290 94280949 9627/9094] 66 
46] 9760982689305 0092101 5810224/029110357] 1 
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66700824 12 8813231389454 5191584649714 
7¹ 1909197 5]2040]2105}2170[1223 512300[2365 yy 
72 2 560/262 512691127 56!282 1288629503016 4 
73] 327732766334 34 8983472 [3537602366 3 
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70 g163|52281529315358/54231|5489155 5415019156 
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93 2080273 6338 64031646 6533 6598/6662 
94 6857 69221698717052|7117|718117246]7311 9 
bogs 50617571 2036 779977651178309/789517960 
96 1 54\8219]828418349]84. 14 || 847918 544/8608 
97 880308868 3933 89989062 [912791929257 
98 94510051695896467 1197768400090; 
99826 0100|9r651022910294103 5911942419489l0 5 5410618 
6700 0748/081310878[0942/1007]] L072]1 37 1202 4 
O1 13960146101 52601 $91[1655||[1720[1785|1850 7 
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; 9377 9731970514453 9136 3828 Wok 755 i 7148 28 278 5891551068397 2Z 5785198854 ge, 4 
: 5451 5119843/453 11922413893 7226 5451484901 $7]546910786 61071 432067 11209417 4321|27 7418120134 701882 5418 
©533/522919921]4bog|g292113971 9835467304 50790639 101g 54583 01773405 4313393197 49}4106]. 2 
owe 530899990468 70 370404908 6367 72317381 — — o630[|5951 1279605 183 727261 7909133! 7914929] -1 
$356007814765]9448]|4127]8802[3 28011|7459/2112 3ro[4614|gg2a]5235]o5 521|5873[1 199]6537]180117 x9gN|254 11788813238 521.0 
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16 Deg. Sine 16 Deg. Co-Sine 
| / / / / / / / / | / / / 7 / We! / / / et / / 7 N 
3% “32033 3% 3.0037 3039 40,442 43 144 (3003132 [33 37 [35 139 [40% 
i 8 8 8 2 Ar | Foe | — "mL 
9.9.99 99.9.5. 9.5.9.9. 8.9. [999 etre 9*19-19.|g| 4 
4530535484455 458458 45% 56%457 5745858458459 8 810981085 98119811981 81818187035 
O 3418768 11930 920441 4686/8926; 161]7 392 1618]15840j0058[427 i848 [73 70]0995]6620]6245 424043633985 2. 8802471 
1 (3489/77 52120 10j6263|0512|| 47 566899603232 746 21689 591110128[4341|8550/27544 [7363109891661 4/6239 4734435713979 3223128441246; 7 
2 [3560|7823]208116334/0583]|4827]906713302]7 53311759 8987 01980441 1080002824] [73 5710983 000810233 472 (43513973 3217/2838/24; web 
_ 3_|303117894/21 5116405190 531[4898[913713373|7003]:830|605 r10269]4482/8690/2894] [73511697 716602|622 4722143443907 321 2831]245210, ; 
4 (3792|7965|1222216476107241|4908[9208[3443]7674[1900[[6122[0339]45 52/8760/2964] 734 5/697 0595 622005845 5469150921471 51433813960 204/282 5/2446 2 
$ 37 73803012293 65460 95039927903 5 14% 744|1970||61920409/4622[8830[3034] [73381696416589/621 4/5838 ||5462}508 470943343954 3198 9192439 ; 
3845/8 0% 304% % 7/0866|| 51 101934913 584/781 5/2041 6262104 7914692|8900[3104] [;332[095816583/6208[5832 || 54561508014 703[432 513948 191 81202433 ” 
7 \3916|8178|2435]6688/0937|| 518194200365 5788 5111 6333195501476218970[31 74]; [7326169521657 7j6201 58261] 54501507 314096143191394 1 2427 501 
8 39878249, 506[67 59 1007525 1049163725795 1821/6403 06201483219040[3244Þ [7 320 6945 657016195158 19 544315907 40901431313935 2421 — 33 
9 [4058/8320/2577]0830[1078||5322]9561[3796|8026[22 52116473j0690(4903191 1113314] [73 1 4/69391656416189|5813]| 54371596114684[4307[3929 1 7212793]2414}2036 1 
10 |4129/8391/2648[6901|1149]|53931963213866/809712322116544]0700/497 31918113384] [730710933 6558618315807 5431150541467814300]3923 27877560290 
11 [4200846227 1916972|1220]| 5403970239308 107393661483 1050430025 103454] [730116927165 52161 7615801 || 542 55048046) 14943915 781]2402]2022 
12 [427113533/2790]7042/1290][ 5534197 73/4293[9238/2463116684J0g01[51 131932113524] [7295|09206545161 7015794 | 5$418]150421460514288139 10113532131 5312775]239c)01 i 
13 (4342/8604/2861]7 11313610 560519844/407818308/25341[57 5510971/5183/9391[3594] [7289[0914[6539/6164|5788||5412]5036[4659/4281[3904 314712768/238 
14 [4413/8607 512932|7184/1432]| 567 9144983790482 5104752 53046103664] [7282]69086533/61 585782 5406/502914652142 7513897 3141/2 762|2383/2001| | 
15 (4454/87461390217255|1593|| 5740199851421 9/8449j26741\6895]1 112153241953113734}-1727610902[6527161 515 7 761|54901502314646/420913891 31341275 376l1997l 
10 [4555/$B17]3073[7326/1573||5817|005514290/8519]27451|6966]1 1821539419601 6895/0520/6145|57091| 53931591714040[4263]388 3128/2749/2370|1 
17 [402618888]3144|7397|1044|| 5887]0126[4360/8 5901281 5]/7036[12 52154641967 1 6889065 14/61439'57031| 53871501014634142 561387 1312212743/2364/198 | 
18 [4697189591321 5|7467|1715|| 595801971443 080000 88 57 1060132205 52419741] 6883/6508|61433|57571|5381]5004[4027142 5013872 311612737/23571197 
19 4768903003286 538|1786||6029Þ026714 501 8731295617176 1393056040811 687716502[612615751||53741499814021 4244/3866 3489/31 2730035109) 0 
20 48399100033 57 791856 6099 4572/8801[3026 (72471:403]5674|9882 687064956 12005744 5308149921401 842373860 348 1 10372434 100 
21 [49101917 1[3428|7680[1927||6170Þ0408[4642[887213097| 731711 533 $74519952 6864164891611 4|5738|| 53021498 51460814231138531| 347 51399712718 2 85 
22 498202420 349977516199806241 0479471369423 1077387 1603058 1 5/0022 68 580648306 10805732 53 561497 9140021422 513847 || 346913 71103329570) 
23 505303136 57% 8 1069 11564383 3237 775 16730588 5 009 66526477610 57265344078 8884 . = 2705/2326|1946| 3 
24 2403843542892 139 6382002008 548333080 2528017445988 0162 684 51647016095|57 19] 53431490714 5901421213834 UL 3078 2099/23 1911940] 3 
25 [519519455]37 12]7963|2210[|64531069114924[91 543378 759808 14% 5/0232 14,08 3904646089057 130 533714900]458314200[3828 2 0921231311933 ; 
26 |5266]9520|378218034|2281||652310761 4995434497669 188460950302 6833064 58|6082|5707 || 5331149541457 71420013822 || 34441360 <a 
27 (53371959713853]$10512352[[6594ſo832[506519294/35191'773911954(616510372 682 710452]0076[5 7001} $32 457114193]3816 e 00010210] 
28 54089668 392408 1760422 66659035 13636503 589780902 5062360442 820.644 5]0070150941| 531814941 ede! 3809 3431130 eee 1 
29 |547919739139951$246/24931|67351097315207]943 53660 7879[209516306(05 12 89168 14439/064588 53 140493 5145 581418113803 [| 342 513046/2667/2288/190 
3O j5550[9810[4066|83 17|2 564/|6806|1044|5277]9506]3730|\7950]2 165163 761058214784] 6808[6433|6057]|56821] 530514929145 52141 7413797 [| 341 661022810002 
31 562 1088 10413708388 635 68771 1 14/5348[9570/3800||8020/2235/6446/0652/485 7610802642 71605 1156751 $29914923]4 54614 108137 NEED 2275/1895] 2 
32 [5692 9952 4208084 5902705 69471185 5478006473877 'Bogo[2305|65 160722 0795 6420[604 55009 5293149 10614539/4 10213784 [| 34061302 7126 4822691185 2 
| 33 [5703j023]427918 530[2776| 2018012 6654899 2123941 8161 23706586079 20499 67891641 4|6039]5663]] SaS 490453341 560377833 80 112642[2262]188z] 4 
34 $83410094/4350]80002347 7089113261555919788401 11/8231 2446166 56863 5064] [7 1 5816783[6408[6032[56 574] 52 4145271414913771 33931301 263 51225611876] 2 
35 [$905[0165]4420867 1/2918]; 71 59[13971503019858/40821 8301125 161672710933}5134] [7 1531Þ77 710402[6026]50501[ 52741489714 52014143/3765 || 3387|3008/2629]2250/1870 x 
36 (59701923614491 8742/2988] 7230|1467]5 700[9928[41 521/837 1]2 58616797]1003[5204] [7 145]677016395}6020]5644|| 5268]4891]451414137 37 5911 338 1/3002/2623/2243 1864] 2 
37 [604710307]4562[88143]3059{|73011 538/577 119999[42231|8442[205716867|1073] 5274] [7 r39j076416389Þ601 4150381] 5262]4885]4 508]4130]3752 11337 721 17237870 
38 [61 00 7 04% 885 737116095841 0694293 85122727693 7ʃ1 143063 9755 Er I 52551487914 50214124137 46 3368290 61 . 
39 [6189/0449[4704|895 5132011] 744211679]5912]9149143631[8582]2797]7007]1213]541 21637716001[50251| $249148721449514 1 18137401] 3362/2983/2604/222411845] 1 
4.0 |6260/05201477 5190251327117 513/17 50[598210210144341[8653}2807|707711283)548 275 637015995[5919]] 524314866 16352 
41 [6331[0591/484619096[3342]|7 58311820|b05 31028114 504/[8723]29371714711353/555 67391036415989}501 31] 523614860 1832] 1 
42 |6402|066214917]916713413]|705411891]61231935114574118793|300872 1801423502 6733103 58|598215000 5230148 53 1826 1 
43 [047319733[498719238[34831| 77251196106 194142114645 886313078/7288[1493[5694] [7101 0797 35259765 522414847 a þ 
44 |6544/0804[5058[930913554||7795120321020410492[471 5 893413148 73580 56305264 ogg 0345 597005 5904 5218148411446 1819] 1 
45 [66151087 5]5129193791302 5|| 78662 1031633 5105621478 5119004132 181742811633/583 e 254 591 1[4835 1807] 1 
46 |6686ſ0946|5200[9450[3096||7937[2173]6405j0033148 5611907413288] 7498/1 703]5904] [5083(6708[6333]5957]5581]| 520514828144 5 1140743 100) 1 
47 167 5711016|52711952113766||80071224416476[07031492611914 51335917 56811 773]5974] [7076167 216327 $931155751| 5199148221444 514007 1794 
48 |63828[1087|534219592[3837||8078[231416546[0773]4996(|921 513429]703811843|6044] [5070[6695[6320[594 5155091] 5193/14816]443914061 1788) t 
9 |6900|1158|5413/9663/3908 8149]2385|001 71084415007 928 513499|7 708[1913j61 14 2 314 5938155031] 5186[4809[443214955 1981} 1 
0697101229 54847 33/3979 420 de s 935563 509|7778[198316184] oss 68303085932 55560 51800480 044604049 11 
51 [7942|13005554/9804/4049]\8290[2 S νο 923639849, [705 11667 716302|5926155501]5174147971442014042 — 
52 711313710662 5087541200836 1% 5976828005 05278004907 19179192 123]16324þu[704 51667016295)592015 5441] 5169147911441 ee 17 
53 7184442 5698405 8431026676899 11205348 22308508835 6 eee 2891591315537} $16r147 4144071493913052 $273]28951251 5121391175 
54 [725511513 82574104285 $502[2738|696911 1965418953638 8080 92646464] 7033 665816283 5907155311] 5153147781440 1140231364 5|| 32071285512 50912! 175 
55 732601584 5838100871433 857228087040 12665489 ese 702660 562 7659015525 Z es e832 326188 af 50123174 
56 73965 5 59 9% 5804403 8643]2879/7 1101133715 5591977 739090 199% 404/06 70201664 516270 589915519 514214 76614388|401 136333 887649011775 
57 [7468|r726]5980[0229/44741|8714]2949/7181]1407]5029119847/4060[8269124 7416674] [7014166 96264/588888 12 513647 5914382|/4004/3626||2324$2869/2499/21 1917] 
58 [753911797]0050[9300[4 544 Y 7941302017251 1478}5700[|9917/4131]8339j2 54416744] [yo08[6633|6258]5882]5 506|| 5 130[47 531437613998[30201|3542 2863/2484/210 11 
65 76101868612 103700461 518 $5 130901732: 154 5770 998804201 8410[261416814] [5001 . 587615 500 $123147471430913992 361432352857 47 4 
7681193906 1920441 4686892603 16107392 161805840 05804271 8480268406884 245068708404 $11 714740] 6 613608 229/28 117 
2 / / / / / / 3 tant Airs 7 Jer / . / 7 * 7 / 6115 
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119.19] 9 9. 9. 8. 9.5.9. 8.9. 5.9.5.9. 10. 10.10. 10.|10.|| 10.] 10. 16.| 10.| 16. || 10.]15.] 10. 16.| 10.| 
111472 47214721413 47314741474147 5147 5114761476147 714771478] [528] 527 5270527 5265260525525 524524 5230(52305 2205220621 


0 64868835 922424422222 38080842 1]3029170331[2233|6829]1421/6009/0592 [3952 93151468200 5315428||0808[6 192] 579/697 1 236711770713172 8579/3991 9408 60 


631539519924140491[92091388 51849713 106[77101[2310/690511497|6085|0669] 387437 460 f 976535 1073 100 11 ff $03/6894/2290 |[|7690/3095[8503/391 519331] 5 

12 e 4726934603968 5741318217 7861|2386/6982[1 57416161/074 e $274 065408 142668 18/2214 ||7614|3018]842613 935 9025 50 5 
1 89091705 1280489324238 81/32 5917863112463]7058[105016238/082 1] 1372019083[4450/982215197||057715901[1349]6741]2137 753712942183 5 37283 2729.82 
1 456270 5514880 9500[411618728[3336|7940 25397 1351172710314: 3042190001437 31974515120 0500[5884|1272|6664|2060 || 7461128651827 3/3086[9102] 56 
43511072|5794193331495711957 714193 880 0343801625 10% 128030391 3565|8 - 814296[9667|504311042315807|r195]6587]1984||7384/2788]8197]|3609]/g9026| 55 

| 51211149]5781194 10150341[9054142701388213489/8093112093/7288/158016467 488/885 1142 1919590149651|9346[5730][11 18651111907 [|73072712]8120]3 533]8950|_54 
75590/122058 5804875111 276917305|1950|6543 3410187744 4142 219513/48891102691505311042[043411830||72311263518044/3457]3873] 53 
| 111393]$930Þ 50415 195 9 284017441]2033|6020 333 8697/4 404364812 0025 570% 90 863 570754071540 5597967 3380087970 52 
6744381584205 2228321695 3259/86191398719359147351|21 1515 500Þo888[628011677 UZ 2½82TZ891 33408 22L81 
10 6822/1 4.58|6090 7185342 299917 594 18006773 3178 $542/39 109282146 8000380542308 11 62041600 7001040 7814/3227 8644] 50 
u 6899153 56779505419 307% %% 26849 37685 332050488 195 0534% 734% 2701 523 [92432977383 15108 568 4 

1 6970824624482 842. 3152248339 8388/37 5009 12804 504 9884/526906 5760 501447 [68480 52 7001030744849 484 

13 — 1690/632119949[5 573[[0193]4808194 0% 7e 3229/7824/241 5/7002 831003679905 11442 7||9807]5192]5811597311370[[677112176[7 58899808415 47 
14 11311170719399 1026\5650[[0270]488519496[4 103]8707|| 3306/7901[2492[7078 82330360 108974043 501|973015115]050415897]1293 [|6694|2099]7 508/2922183 39] 46 
1c (7208[1844]64 76[1 10415 727110347 49621957 314 180]8783|| 3382 1977 2508/7155 [31 56,3 524/889614273 965315938[042715820|1217 [|6618]/202317432/2845|8262] 45 
66 (128511921165 53/1 181]58041[0423/5039]9650142 578860 3459|8054/2644|723 ; 90793447 8819479695779 10 50[5743]1 140 [6541 170 7359/7698 180, 44 
8130027217308 8002 3370874244119 9500[4884[0273|56066|1064 []646 97279592 8 t 10] 43 


U 7691990 30.1 580588 1[o 500.5116 72743348937 3535 


$ |7440[207616707|1335|5958][057715192198041[44 101901 31||361218207]2797|7384/1967 


292432924858 8442 942 348 81900859887 538 [1793 7203/2616]8033] 42 


19 [7517/2 153]678411412[603 506 5452699880448 70090 3689828328747 460/204 3 7847132 161258213905 9346[473110120[5513j0910[[63 111171717 120 54017 7957 41 
20 759 2300862489112 [03 1534695745640 16737083609 50% 53702119 77793 8885110388 9269454043 54360833 [623 f 164070 50463078810 40 
1 75723069391 88906189 0808[5423/003414041192431| 3842184 36130271761 3/2 196 26930306 1843438 1111919214577 905053 59% 57 [161 5856469732 387 7804] 3 


1; 7820½ 402 0931 7206343096257 7018847940397 3095 59180 
= 904/2539/7 170/179716420]| 1039]555410264[487 1194731|4072/8666[32 56 


22 174923851701611643]0266 o885[550001 111471719320] 3919851313103 1 3580 373400 1 cf 500[9889|5283/0680 114870897310 7728 38 
5 ohe 903804423008 1a 5000603 6005|1410/6820[2234/7652 37 
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5010401674645 1 116|57311034114948195 50 4148874303333 IT 81265; 50 8884426900 59|505210450 || 5852 257 666708 107409 35 
e e 1193058080418 5024½%627 422 6088 1963409 7307 267 8049342688079 582497373 720011 116591/2005 — 34 
Y 8136/277 1]7 40220294605 11] 1270} 588410495]5 101197031| 4302/8896[3486 2222898727 3349 [873004 1 16% 50 54899 097569810465 149287 73401 33 | 


15 6132800 747912 106|6728]] 1 347]59611057215 17809780 4378 8972 —— 
9 6200292 5 550 18 3f680 ff 1424/6038 0525285 9857 44559495 

367/3002|7633|2260168821] 1 5011611 gozz 533 1093345310125 57 
1 8445 3080 100337595 r578 19210802[5408[0010!] 4608/9202[3792|8377 
* (8522/31 57|7787]2414 7259 5562690879548 5087 468 59278 2965755 
3 |35991323417865/249117 1131 1732/63460956[5 562163426103 5513944 


| 7152/2521 789413272 $65 314039194201 tere 220 || c622|1028]0438|1852|7270| 32 
797$244478171319 857 588 2193 521474519143 || 55451995 1103611177517 194] 31 
6998 23671774913 1181184991j38851927 51466910067 || 54691087 5162851169917 117] 5O 
6920/2290[7063 3085 8422138081[9 198045929990 5392079800208 1623 7041 2 
0043/2313 75862 2887 e 531510722/0132 1540/0905 
7001213517 59 3684/4404430 588 


2832 [C239 004 50 561470 


1 [377/331 11794225687 190] 1808[6423[1032|56380240|| 48380943 1040 108000 6689/20 5807432 = 819203577 880 843527505162 5695979394 5872 26 
675433888019 645267188 8499, 10957 1601749 1405080409 78683 667296233 2733 3038058270 428 519683 || 508610492 8280.27 6736 os 
$831/3466|8096/2722|73441] 196265761 18657920393 49911958414174187 5913; 6534|1904|727826 56 ||8038[3424[88 14|420819607 || 5009j0416| 582 1241/6659] 24 | 
37 820586775 7991742 20391665 311 263|5868[0479 506819661142 50/8836 64571182517201]2 5791} 7961 413219530 [| 493219339 5750111641583 14 
N 8986.302082 50088649802 116% 30013 40/704 0647 5144197 3714327|8912 638017 5007 124 5027884 405 0453 [48 566305673 1088 6507 2 
2330978327 29637 57 fla 19368004 ο,jjj2b35a21 Sr 4402/8989 6303116731704 712425 7807 397819377 |1|477919186|559711012,6430| 21 


390119300 |[470310109]5520 0935/0354] 20 
382519223 7220 5258 5444 326275 I 
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374319147 [40 5367 6201] 1 
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40 06788728070 2270068841 493% 6099 οõẽ?ůZ‚ 29709 911448019005 
75 92967846359 234769611 570175077537 vg $55 619141 


6226|1 59516 7 36 7730 
2839298 5913 1 85]7806|[242417037116.4716252108 531] 545 


6 [937214006}863613202[7883||2 50117 114|172416329]0930 $527 120 479919294 599411 364107 A 749028868256; 100750 44730880529 10012517 
4 40265729255 2 78/7191 I 406010075 197 265 5370 — 711287j6661[2040||7422[2809]820013 5948003 4396803 $21 6100301004 16 
$ 1952714 100879003416 37112055 7268|187 716482 1083 || c680ſ027 31486021944 7 1210065844963 734512732 812313 515/891 7|[4320/9727|5138/955315973[_! 

© 4438886734936 7742737734609 547 590 160 5057 7193 59[4938[9523 57621 133]650711886 26 55/804613441|8840|[4243/9650[5062/0477| 5896] 14. 
* 81431589443 570ʃ8 191 2809|74221203 10663601237 5833104261501 519599 568 511056[6430[1809 79691330418763 |]4 167/957414985}0401|5820| 13 
4 5 46392ſ9088 3047|8268||2885|7499]2 107]67 12]13131| 59 10ſ0503[509119070 560800978063 6301732 7893328808687 40909497490 9%ga46 744] 12 
5583604469 9099372408345 296 5751218416789113 5168197 52 5$531]090116276|165 5 | 781032 1108010401304 104832 048 5667] 11 | 
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14 2226047777328 98792430 4980 753 iſoo8 104263105180 7730002792828 52232072 12107570 5020024699919 736904820 2270 9721|717214623|2074 
15 [2268 4820/7371|9923/2472 || 5023/7 57310123]2673/5223||777210321]2870 51801262910078/7528| 497712427198771732714777 | 2228]967917 13004 581 032 
16 [231 1/4862[7413|9964[251 5 || $965/7616]0166[27 16 $205 781503642913 538, 587036485493 f 3840834284735 21856366874 538 1900 
17 2353 4905 7456 2 $108|7658[0208!27 58/5308||7857]0406]295 $9951 544999317443 | 4892[2342[979217242[4692 || 2143/9594 794514496[1947 
18 [2390 4947|7498|2049]2600 || 51 50[7701ſ025 11280153 50|| 7900[0449|299 $0531259219951!7400 [4850 229919749/7 19914050 || 21001955 1/7002[4453/1995 
19 [2438 4990/7 54119092/2042 || 5193}77431029312843|53931|7942/0491[3040 $0101245919908/7353| 4807]225719707171 57/4607 205809500 9584411 T8062 
2048105032 58310134/2685 || 5235]778610336|2885| 5435 79850 53403083 4968[2417]9866!7315 4765221406647 11504565 201 5}9466 6917043681820 
E eee ee 98478 8027876612574 49251237498231727314722|217219622|7072/4522|| 197319424|687 50326017770 
24 2566067 1 717668|0219]2770 || 5320078) 11042112970] 55201] 8070J0619]3 168 4883233297817 230 46800 12909570 70, 1930 938 1083204283173 
23 2009 5160 7711|0262|2812 5363079130463 30130556308 120661032 10 4840[228919738|7 188 4637/20870953 769874437 188809339 6790424101692 
e e ed $495[79561o506[3055/5605 81824283 Dee eee e442 184822926742 49801055 
25 805 5287393372827 8445 299810 548130981 5248181971074613295 +7551220419053/7103[45521200219452|690214352|| 18535475 15601697 
26 [2730 5287178381038912940 || 5490]8041[059113140|5690|8240[0789|3338 471321021961 1170b0||45101195919409[686c/4310|| 17601921 1]6662|4113|1565 
27 12779, 5330|7881[043212982 || 5533]8083[0633[3183[5733|| 82821083 103380 4670]211919568]701B||4467|19171936716815]4267 t171819169]6620[407 101 522 
28 2821053727923 0474302 5 5575 812610676[3225|5$7751|$324/087413423 46028 2077005266975 4425|11874/9324[677 0422 5 16760126 6577402801480 
29 2864541 507966 051713067 $01518 168[07 1803268 581883670916 34% 45851203419483109331|4382|1832]9282[6732}4182 16339084653 5398601437 
30 290605467 80000888231 10 566 821100 610331008860 8409/0959]3 50 45431199119441 5890434017890 309004140 1 5911994 1164921394 311395 
31 [2949,5500|805 1 0002/3758 570 5a 530803033 535903 8452100103550 4500194 988484297 7471976647409) 154808990 64 5003901 
32 99 105 543 80940644319 5574829584533 594 849410443503 445719803 56,58 542 557% 54% 4 55 1506059 56640 3850 
3330345588 1360687338578 8339088803438 598808537 108603635 5956441 5018640313662 42121662 21120 6240121463891 436 503816 
34 6765528179729 3280 58 0ſf 380348000 85791129 3078) 0924143721182 11927116720||41701619}g069|6520/3970 — 4 032213774 
35 [31191$67082211077213323 || 58731842310973[3523160731|8622[11711372 4330117791922810077||4127|1577 90271947713927 1378]882916280[3731 
30 3161 $713 826410814 365 591 518456 101603 565 6115 866411214 3763 428717300 186663 5 4085[1 534 89841043 0388 ß 1336187861623 703689 
37 3204575830608 57 340859 588 fog 58 870711256 3005 790[4245]10941914310592||4042[1492/8942[6392[3842 || 129318744 619513646|r{ 
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8282884083214 3423504308593 ʃ1143 360304 8792134103890 4160|r6099058155071|395711407]885716307137 58|| 1208865961 10/3561 
40 [3331{5883/843419984[3 535 }| 608518636] 186] 735/028 5 || 8834113841393 3 4117]15661001619465|[391511364|8814/6265/3715|| 1166/8616 606713519 
1 13374\ 5925184 761102713578 [6188678012280 377806327 88771426 3975 26140751 524]897310422||3872 1322/87 721622213073 || 1123|85 741602 5/3476 
| 42 13417 5968/8519 106903020 617018721 127113820160370 99704469451) 6 4032014810893 1038038301279 8729/6 18003630108 108 5310598303434 
43 [3459|6010 2 11123663 62130976 — 14 89621571 19157] 54 J399 0143988880337 3787 1237086876737 3588 10303409 5994003391 
44 [35026053]8604/11 55/3705 [625 5}880bj135b}290516455 [| 9004]1 553/4102]665 1192 34 ak 13908845102951|3745|1194/8644/6095/3545|| 9996[8447|5898|3349/08 
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14 11409 2909434805786 223 8600009 5530029644397 || 5830 8692[0122 
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0995198861877 71706816 9557 [| 54491433 513223 2109090 
9868187 59[7649/0539 || 5428143 1613204/209110977 
98491$749]7631]6520 5409429803 185070959 
9831 87227612 650 5391042790316 2054094 
981248703 5946483 5374420103 148 a03 5j0922 
97940808 757510408 $3 541424213 130|201 710903 
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| (5116117 mY 20'|21"[22'|23' |24' |25"|26'|27"[28"|29' 1 1601 18“%/9 [200 21/22[23 [4 [250 26/27 28 
Dor | Rus 3 SV LS. 2 1 
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$ 124371391 5354 9665 3282630969301 122 oa 19091 100800 1689057 9101/98668 705753 
$7 1250113940 23-Y6826 g68g 82871971711 146 00/9092(798216872|5761 9083 70676885 80. 
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NUMBERS frequently uſed in CALCULATION, wich When LO GARITHMVS. 
ha Number. 5 1 a * . — | : — wh Logarithm, 
| Circumference of a circle to diameter unity | 
| 3z 14159265 4 Surface of a ſphere to diameter unity += w/ = © ©. 4971499 
| Area of a circle to radius unity - *»+ - : : 
o, 7853982 Area of a circle to diameter unity - <« =» «| 9. 8950899 
o, 5235988 Solid content of a 1 8 to diameter unity - - « 9. 7189986 
4, 1887902 Solid content of a ſphere to radius unity - =  - 0. 6220886 
575957795 Arc equal to the radius " oo We — 1. 758 1226 
206264”, 8 Arc _— to the radius = — ET - - 5. 3144251 
2, 30258 509 Hyperbolic logarithm of 10 ” BEE — =- ©. 3622149 
365% 5". 48. 48 = 31556928” Tropical year 4 
365% 6". 9. 17” = 31558157” Sidereal year Wb: 6 ” ey 7. 9991116 
1% 23,55 = Preceſſion of Equinoxes in 100 years. : 
199%, 61545 Paſſage of a Comet of perihel. diſtance unity from perih. to latus rectum 2. 0398718 
8% 75 Mean horizontal parallax of the Sun - - - * * o. 9420 
487“ Time taken by light to come from the Sun in his mean diſknte - 2, 6875 
20“ Maximum of aberration of a Star in longitude — — - I. 3010 
| 9%55 Maximum of nutation of Earth's axis in ſolſtitial colure =. - ©. 9800 
7,11 Maximum of nutation of Earth's axis in equinoctial colur - 0.8519 
Co-ar. of Log. of 9 FTT FTT 
99 e DEG, NES. - - 8.0043648 
999 Jr HD ORs rae Bhs A 7. 0004 345 
9999 7 " * 1 7 - 6. 00004 34 
P7777 0, LEE de ht 2 Re —© 
ꝓᷣ7777 ᷣ v Dads ot ha 7 — 4. 0000004 
9999999 = 10000000 nearly = = | = / 23. 0000009 
OY e N : 
E oo Met AS | 
Tn the TABLES ef de LOGARITHMS ff NUM RS. 
a Signature a . : 7 | | EY 
F. A the top - Bo 3850 | Log. 589 read 579 in ſome/copigs. 
F Number 38962 Log. 6413 read 6412 
K Number 59419 Log. 6253 read 9253 
Tn the TABLES of te LOGARITHMIC SINES and(\T{NGENTS 
| to every Second of the Quadrant. / 
"ir" Co-Si + 18.19 fir droge e 
Sine 18. 12 e i copies. 
N CF amgnat 23 38 for n wr 40083 2 | P 
Ff Co-Sine 12. 29. 39 for $912 read 5913 
Gg Co-Tangent 12. 23. 40 for 0461 read 0462 
Tt Co- Sine 18. 41. 34 for 4048 read 4649 
_ Co-Sine 18. 41. 35 for 4641 read 4642 
Co-Sine 18. 41. 36 for 4634 read 463 
Co- Sine 18. 41. 37 for 4627 read 4626 
Co-Sine 18. 41. 38 for 4620 read 4621 ; 
_ Co-Sine 18. 41. 39 for 4613 read 4614 
LI Co-Sine N 1286 read 1285 
R r r Co-Tangent 28. 45. 12 for 6794 read * 
Co- Sine 29. 27+ 38 for $657 read 865 
Uu Tangent 30. 38. 38 for 6391 read 6390 
Co-Tangent 30. 38. 38 for read 3610 
17 Co-Sine 332. 52.11 for 2310 read 2311 
41 Sine 30. 54. 11 „r 4861 read 4862 
4 N At top of page 3 Tan. 44 read 4 in ſome of the cypics- 
4 © Sine 40. 28. 27 for 8. $1 read 31 EY 
4, U. Co-Sine 42. 10. 390 for 8583 read 5 * | 
4 1 Sine 4% 14.09 fir 8068- read ee 1 
X Swe A. 2338 for 431071243 43007 Y 
+ 0 Mae 4. 23.3%, 43361 124) 41277 
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